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ABSTRACT
Gore, James A . ,  M.A.,  June 13, 1976 Zoology
In -s t ream  f lo w  requirements o f  ben th ic  m acro inver teb ra tes  
in  a p r a i r i e  r i v e r  (172 pp.)
D i r e c t o r :  Andrew L. Sheldo
The Tongue R ive r  in  Montana is  p re s e n t ly  under study to 
determine the e f f e c t  o f  p o ss ib le  s treamflow a l t e r a t i o n s  which 
m ight  r e s u l t  from water needs by proposed energy-producing 
f a c i l i t i e s  in  the area. A comprehensive study o f  the r i f f l e  
m a c ro in ve r te b ra tes ,  in c lu d in g  d i v e r s i t y ,  community com pos i t ion ,  
species abundance, and optimum f lo w  requirements w i l l  p rov ide  
in fo rm a t io n  on those forms most a f fe c te d  by reduced stream 
di scharge .
Samples were taken on the r i v e r  dur ing  1974 and 1975 to  
determine the d i s t r i b u t i o n  and abundances o f  the ben th ic  fauna.
The f a l l - w i n t e r  fauna cons is ts  o f  th ree  d i s t i n c t  communit ies.
The upper cold water s e c t io n ,  in f lu e nce d  by hypo l im n ia l  d ischarge 
from the Tongue R iver  R ese rvo i r ,  is  impoverished in  in s e c t  
fauna and dominated by the molluscs Physa and Sphaeri urn. The 
lower warm water  sec t ions  o f  the r i v e r  show two communities 
determined p r im a r i l y  by t u r b i d i t y  and pe r iphy ton  cover.  The 
upper warm water  is  dominated by S trophopteryx  and hydropsychid 
caddis  la rva e .  The lower r i v e r  is  dominated by Cheumatopsyche.
The summer fauna,  in  the warm water  area,  i s  dominated by 
s h o r t - l i v e d  mayf ly  spec ies.  During the summer, 1975, the co ld  
water  se c t io n  was invaded by many insec ts  due to warming o f  the 
area when no hypol imnion was formed in  the r e s e r v o i r .  Invas ion  
was apparen t ly  due to increased thermal f l u c t u a t i o n s  which 
caused diapause eggs to  hatch and in f lu en ce d  the upstream 
m ig ra t io n  of  o ld e r  i n s t a r  nymphs and la rvae .
The r e s u l t s  o f  t r a n s e c t  samples, co n s ide r ing  c u r re n t  v e l o c i t y ,  
depth ,  tu rb u le n ce ,  and m i c r o p r o f i l e ,  are examined. The optimum 
c o n d i t io n s  f o r  h ig hes t  average d i v e r s i t y  are a t  a depth o f  28 cm., 
c u r re n t  o f  76 c m . /s e c . ,  moderate tu rb u le n c e ,  and a subs t ra te  o f  
medium cobble .  These v a r ia b le s  equate to  a d ischarge o f  
150 to  250 c . f . s .  Maintenance o f  these co n d i t io n s  assures minimum 
change in  the b en th ic  community. I n d iv id u a l  species optima were 
examined and Rhithrogena hageni and Simuliurn were chosen as 
i n d i c a t o r s  o f  adequate s treamflow c o n d i t io n s .
Resul ts  o f  d r i f t  and d i s t r i b u t i o n a l  samples a f t e r  c losu re  o f  
the Tongue R ive r  Reservo i r  Dam f o r  re p a i r s  show th a t  massive 
d r i f t  o f  a l l  i n v e r te b ra te s  began a t  a d ischarge o f  130 c . f . s .
(3 .68  m ^ /s e c . ) .  Community composit ions are shown to  have been 
r a d i c a l l y  a l t e re d  as a r e s u l t  o f  reduced d ischarge .  As a r e s u l t  
o f  t h i s  i n v e s t i g a t i o n ,  130 c . f . s .  (3 .68  m^/sec .)  i s  the 
recommended minimum d ischarge .
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CHAPTER I 
INTRODUCTION
The F o r t  Union coal fo rm a t io n  o f  the Nor thern  Great 
P la ins  represen ts  40% o f  the coal reserves in  the United 
S ta te s .  This coal fo rm a t io n  con ta in s  about 75% o f  the 
n a t i o n ' s  s t r i p a b le  reserves (McBride and S i lve rm an,  1973).
With recen t  demands f o r  g r e a te r  p ro d u c t io n  o f  energy from 
domestic  sources ,  the F o r t  Union area has come under c lose 
s c r u t i n y  f o r  f u t u r e  development no t  o n ly  in  s t r i p  mining but 
f o r  c o n s t ru c t io n  o f  energy-produc ing  f a c i l i t i e s  as w e l l .
These energy producing f a c i l i t i e s  r e q u i re  va s t  amounts o f  water  
f o r  c o o l in g ,  in  the case o f  c o a l - f i r e d  e l e c t r i c i t y  genera t ing  
p la n t s ,  and in  the ac tua l  chemical processes, in  the case o f  
c o a l - g a s i f i c a t i o n  p la n t s .  None o f  the water  is  d i r e c t l y  
re tu rned  to  the body o f  water  from which i t  i s  d e r iv ed .  Thus, 
in  a s e m i -a r id  reg ion  such as the Nor thern  Great P la ins  where 
water  i s  a t  a premium, wate r  becomes the l i m i t i n g  f a c t o r  in  
f u t u r e  coal development.  Enough water  must be prov ided to  
meet the c o n f l i c t i n g  demands o f  ranch ing and coal development 
and y e t  m a in ta in  the a q u a t ic  community s t r u c t u r e  as i t  now 
e x i s t s .  A minimum s t ream f low  recommendation i s  necessary f o r  
p roper  management o f  a v a i l a b le  water  so t h a t  these demands 
can be met.
The b e n th ic  i n v e r te b r a te s ,  p a r t i c u l a r l y  the a qu a t ic  i n s e c t s ,  
which re p resen t  v i r t u a l l y  a l l  t r o p h ic  le v e ls  in  the aqua t ic
1
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ecosystem, are the p r im ary  food source f o r  the  fo rage  and 
game f i s h e s .  Changes in  b e n th ic  i n v e r te b r a te  popu la t ions  
cou ld  r e s u l t  i n  changes in  the o v e r a l l  com pos i t ion  o f  the 
r i v e r  ecosystem.
The Tongue R ive r  in  Montana is  p re s e n t ly  under study 
to  determine the e f f e c t  o f  p o s s ib le  s t ream f low  a l t e r a t i o n s  
as a r e s u l t  o f  water  needs by proposed energy-produc ing  
f a c i l i t i e s  in  the area.
The Tongue R ive r  a r is e s  in  the Bighorn Mountains o f  
Wyoming and f lows n o r th e a s t  i n t o  the s ta te  o f  Montana. A f t e r  
f l o w in g  past the coal s t r i p m in in g  ope ra t io n s  a t  Decker,  Montana, 
the Tongue R ive r  empties i n t o  the Tongue R ive r  R ese rvo i r .  The 
r e s e r v o i r  has a wate r  s to rage  c a p a c i t y  o f  68,039 a c r e - f e e t  
and su p p l ie s  i r r i g a t i o n  water  to  the ranchers o f  the Tongue 
R ive r  Water Users A s s o c ia t io n .  The dam has a h e ig h t  o f  26.7 meters 
w i t h  a h y p o l im n ia l  d isch a rge .  The Tongue R ive r  f low s  n o r th e as t  
from the r e s e r v o i r  through the c e n t ra l  p a r t  o f  the Fo r t  Union 
coal bas in .  Coal seams are o f te n  v i s i b l e  a long the banks o f  
the r i v e r  where the overburden is  commonly th ree  meters or  
le s s .  The Tongue R ive r  f lo w s  through open ranchland as we l l  
as the small towns o f  B i rn e y ,  Ash land,  and Gar land, and empties 
i n t o  the Ye l lowstone R ive r  a t  M i les  C i t y ,  Montana.
A l though the Tongue R ive r  has g re a t  oxbows t y p i c a l  o f  a 
meandering p r a i r i e  r i v e r ,  the s t ream f low  i s  no t  t y p i c a l l y  
s lu g g is h .  Mean average d a i l y  f lo w  is  450 c . f . s .  (cub ic  f e e t  
per second) w i t h  maxima o f  1100 c . f . s .  in  the s p r in g  and mean 
d a i l y  minima in  f a l l  and w in te r  o f  130 to  150 c . f . s .  (Montana
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S ta te  Department o f  N a tu ra l  Resources and C onserva t ion ,
Water Resources D i v i s i o n ,  1974). C u r ren t  v e l o c i t i e s  o f  
120 cm ./sec .  (4 f t . / s e c . )  are common in  the m idd le  o f  the 
r i v e r .  With the e xcep t ion  o f  the lower few m i les  o f  the r i v e r ,  
where the s u b s t ra te  i s  sand and f i n e r  sed iment,  the Tongue 
R ive r  has a s u b s t ra te  o f  medium cobble  (126 -  256 mm.) and 
ranges to  la rge  cobble in  some areas. R i f f l e  ares are q u i t e  
common. Vege ta t ion  a long the r i v e r  co n s is ts  o f  cottonwood, 
b o x e ld e r ,  w i l l o w ,  w i l d  ro se ,  and severa l  species o f  grasses.
Due to  the  presence o f  a hypo l imnion d ra in  dam a t  the 
Tongue R ive r  R e s e rv o i r ,  both co ld  water  and warm water  h a b i ta t s  
are p resen t  in  the Tongue R ive r .
The se m i -a r id  c l im a te  o f  the area i s  t y p i c a l  o f  the 
Nor thern  Great P la in s .  Many species o f  grasses as we l l  as 
sage and " p r i c k l y - p e a r "  cactus (O p un t ia ) abound. W i l d l i f e ,  
p a r t i c u l a r l y  game b i r d s ,  w h i t e - t a i l e d  d ee r ,  and an te lo p e ,  is  
common. Leopard f ro g s  are q u i t e  common along the banks o f  the 
r i v e r  and the p r a i r i e  r a t t l e s n a k e  f requen ts  the f l o o d p la in s  
on hot  summer days. E ls e r  (1975) has re po r ted  on the f i s h  
community o f  the Tongue R iv e r .  Both co ld  water  salmonid 
popu la t io n s  and t y p i c a l  warm water  game f i s h e s  are present  in  
the r i v e r .
Hynes (1970) has s ta te d  t h a t  a q u a t ic  in v e r te b ra te s  
have an in h e re n t  need f o r  c u r r e n t  f o r  feed ing  and r e s p i r a t i o n .  
R i f f l e  areas p rov ide  the optimum feed ing  and d isso lve d  oxygen 
s i t u a t i o n s .  As r i f f l e  areas tend to  be in  the most sha l low  
p o r t io n s  o f  the r i v e r ,  r i f f l e s  w i l l  be f i r s t  a f f e c te d  by reduced
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d isc h a rg e .  I t  can be assumed t h a t  maintenance o f  r i f f l e  
areas w i l l  r e s u l t  in  s u i t a b l e  c o n d i t io n s  i n  the r e s t  o f  
the r i v e r  system. A comprehensive study o f  the r i f f l e  forms, 
in c lu d in g  d i v e r s i t y ,  community co m pos i t ion ,  species abundance, 
and optimum f lo w  re qu i re m e n ts , w i l l  p rov ide  in fo rm a t io n  on 
those forms most a f f e c te d  by reduced stream d ischarge .
Many i n v e s t i g a t o r s  have examined the r e l a t i o n s h ip  
between c u r re n t  v e l o c i t y  and /o r  depth in  r e l a t i o n  to  the 
b io lo g y  o f  some a q u a t ic  in v e r te b r a te s  and a lgae .
P f e i f e r  and M c D i f f e t t  (1975) concluded from la b o ra to ry  
experiments t h a t  C ladophora , a f i la m e n to u s  green a lg a ,  showed 
g re a te r  pho tosyn thes is  and r e s p i r a t i o n  ra te s  in  c u r re n t  than 
in  s t i l l  water  c o n d i t i o n s .  Dodds and Hisaw (1924) have shown 
the adapt ions  o f  m ay f ly  nymphs to  s w i f t  streams but no 
p r e fe r re d  c o n d i t io n s  were presented.  In la b o ra to r y  s tu d ie s  
o f  the s t o n e f l y ,  Brachyptera r i s i , Madsen (1969) found t h a t  
a c u r r e n t  i s  re q u i re d  f o r  normal b ehav io r .  Madsen used a c u r re n t  
v e l o c i t y  o f  35 cm ./sec .  in  h is  exper imenta l  tan ks ;  however, 
he does not i n d i c a t e  i f  t h i s  i s  the minimum o r  optimum c u r re n t  
v e l o c i t y .  Dodds and Hisaw (1925) a lso  d esc r ibe  the adapt ions 
and c u r r e n t  requ irements  o f  c a d d i s f l y  la rva e  in  r e l a t i o n  to  
case c o n s t r u c t i o n .  Edington (1968) conducted a s im i l a r  research 
o f  n e t - s p in n in g  caddis  la rva e  w i th  respec t  to  h a b i t a t  p re fe rence  
and the  in f lu e n c e  o f  wa ter  v e l o c i t y .  The apparent  p re fe r re d  
ranges o f  severa l  species are presented in  o rde r  to  c l a s s i f y  
caddis  species as ra p id  species o r  pool spec ies .  Thus, the 
d e l i n e a t i o n  o f  optima f o r  p o t e n t i a l  s t ream f low  p r e d ic t io n s  were
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not  p resented.  P h i l i p s o n  (1954, 1970) examined s i x  species 
o f  B r i t i s h  Hydropsychldae In r e l a t i o n  to  the  e f f e c t s  o f  water  
v e l o c i t y ,  as i t  a f f e c t s  d is s o lv e d  oxygen a v a i l a b i l i t y .  The 
exper iments were conducted a t  v e l o c i t i e s  o f  5, 10, and 20 cm./sec.  
Aga in ,  no apparent optimum c u r re n t  v e l o c i t y  c o n d i t io n s  were 
p resented .  In  l a t e r  s tu d ie s  (1970) ,  P h i l ip s o n  found th a t  the 
optimum o f  20 cm ./sec .  determined by Edington (1968) ,  d id  not 
app ly  to  h is  s p e c i f i c  s tu d ie s .  Maximum c o n ce n t ra t io n s  o f  
hydropsych ids were found w i t h i n  the e n t i r e  range o f  20 to  
40 cm ./sec .  From t h i s  o b s e rv a t io n ,  i t  i s  apparent t h a t  observa t ions  
a t  h ig h e r  v e l o c i t i e s  need be done in  o rder  to  a s c e r ta in  the peak 
abundance along the range o f  c u r re n t  v e l o c i t i e s .  In  more 
recen t  work ,  Wallace (1975 a ,  b) has s t ressed  the e f f e c t s  o f  
va r io us  c u r re n t  v e l o c i t i e s  on the proper c o n s t ru c t io n  o f  nets 
in  the Hydropsych idae. However, as the i n v e s t i g a t i o n s  are 
r e la te d  to  food p a r t i t i o n i n g ,  Wallace does no t  examine optimum 
v e l o c i t y  requ irem ents .  Harrod (1965) has found t h a t  the 
optimum v e l o c i t y  re qu i re d  f o r  bes t  use o f  c e p h a l ic  fans o f  l a r v a l  
S im u l1um (D ip te ra )  i s  25 cm ./sec .  a t  the le v e l  o f  the fan 
i t s e l f .
Thus, i t  can be seen t h a t  the measurements o f  the e f f e c t s  
o f  c u r r e n t  v e l o c i t y  on the morphology and b io lo g y  o f  va r ious  
i n v e r t e b r a t e  forms does, indeed, show t h a t  the re  is  an in h e re n t  
need f o r  c u r re n t  v e l o c i t y .  However, the in fo rm a t io n  as i t  
i s  presented i s  not s u f f i c i e n t  to  app ly  to  h y d ro lo g ie  in fo rm a t io n  
to  p r e d i c t  an optimum s tream f low  c o n d i t i o n  f o r  the ben th ic  
i n v e r te b r a te  community.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
U l f s t r a n d  (1967, 1968) has examined, in  d e t a i l ,  the 
m i c r o d i s t r i b u t i o n  o f  b e n th ic  species in  some Lapland streams 
and lake  o u t l e t s .  Areas o f  the stream bottom were mapped 
w i th  r e l a t i o n s h ip  to  s u b s t r a te ,  stream v e l o c i t y ,  and depth 
( th e  f a c t o r s  he cons idered to  a f f e c t  d i s t r i b u t i o n  most) a g a in s t  
the numbers o f  va r ious  a q u a t ic  i n s e c ts .  A l though the r e s u l t s  
o f  t h i s  s tudy o f  Lapland streams can not be s p e c i f i c a l l y  
a p p l ie d  to  p r a i r i e  r i v e r s ,  the conc lus ions  U l f s t r a n d  reached 
are q u i t e  a p p l i c a b le .  Any one f a c t o r  can not  be designated 
as the so le  in f l u e n c in g  f a c t o r  in  m i c r o d i s t r i b u t i o n .  The 
in v e r te b r a te s  respond to  a combinat ion  o f  f a c to r s  w i t h i n  
c e r t a i n  l i m i t s  w i t h  suboptimal c o n d i t io n s  in  one f a c t o r  
compensated f o r  by o p t i m a l i t y  in  ano ther  f a c t o r .
Bovee (1975) has proposed a method f o r  recommending 
minimum stream d ischarges in  eas te rn  Montana. He r e l i e s  on 
the in -s t re a m  f lo w  requ irements  o f  those species i n h a b i t i n g  
r i f f l e  a reas ,  o r  r e q u i r i n g  r i f f l e  areas f o r  some p a r t  o f  t h e i r  
l i f e  c y c le ,  to  e s t a b l i s h  an optimum s treamflow  c o n d i t i o n .
In  a s i m i l a r  manner, t h i s  paper w i l l  show the optimum stream­
f lo w  c o n d i t io n s  f o r  the b e n th ic  m acro in ve r teb ra te s  in  the 
Tongue R ive r .
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CHAPTER I I  
METHODOLOGY
For the purposes o f  t h i s  study e ig h t  areas were designated 
as c o l l e c t i o n  p o in ts  and c o l l e c t i o n s  were taken through the f a l l  
and w in te r  months, 1974 through 1975, and again in  J u ly  through 
September,1975. A t  each s i t e  two samples were taken us ing a 
Hess sampling dev ice  (Waters and Knapp, 1961). During t h i s  
t ime p e r io d ,  k i c k  samples were a lso  taken a t  in f r e q u e n t  
i n t e r v a l s  to  check f o r  any changes in  o v e ra l l  community 
com pos i t ion .  The c o l l e c t i o n s  were then i d e n t i f i e d  and counted 
to  o b ta in  r e l a t i v e  abundance. For a l l  p r a c t i c a l  purposes, 
hyporhe ic  organisms were not  examined w i th  the excep t ion  o f  those 
sha l low  borrowers which might have been d is tu rb e d  in  the 
sampl ing procedure.  In  a d d i t i o n ,  s tand ing  water  and pool forms 
were no t  cons idered as t h i s  study was p r i m a r i l y  concerned 
w i th  r i f f l e  forms.
During one week in  March, 1975, one week in  J u l y ,  1975, 
and one week in  September, 1975, a t o t a l  o f  175 Hess samples 
were taken a t  r i f f l e s  lo ca ted  a t  B i rn e y ,  Montana, and on the 
V i a l l  Ranch near Ash land ,  Montana ( d e s c r ip t i o n s  o f  the c o l l e c t i o n  
s i t e s  f o l l o w ) .  These p a r t i c u l a r  sampl ing t imes were chosen 
so t h a t  the summer fauna ,  the w in t e r  fauna ,  and a t r a n s i t i o n a l  
fauna between summer and w in t e r  are cons idered in  the 
c a l c u l a t i o n s .  Samples were taken along t ra n s e c ts  across the 
r i v e r  a t  one meter i n t e r v a l s  up to  the l i m i t  o f  the sampl ing gear
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(45 cm. d e p th ) .  For each sample th re e  v a r ia b le s  were recorded:  
depth o f  the sample, as measured by a wading ro d ,  the c u r re n t  
v e l o c i t y ,  measured by a P r ice  AA c u r r e n t  meter a t  s i x - t e n th s  o f  
the depth o f  the sample ( i n  o rder  to  be com pat ib le  w i th  
h y d ro lo g ie  surveys o f  the r i v e r  being performed c o n c u r re n t ly  
w i th  t h i s  s tu d y ) ,  and the m i c r o p r o f i l e  o f  the s u b s t ra te  i t s e l f .
Measurement o f  the exact  com pos i t ion  o f  the s u b s t ra te  
would be an ex t rem e ly  long and t ime consuming process f o r  
each o f  175 samples. However, the na tu re  o f  the su b s t ra te  
m a te r ia l  determines the p r o f i l e  o f  the s u b s t ra te  and i t  i s  
t h i s  p r o f i l e  t h a t  the in v e r te b r a te s  must "d ea l "  w i th  in  o rder  
to  o b ta in  h a b i ta b le  c o n d i t io n s  o f  c u r re n t  v e l o c i t y .  Thus, i f  
p ro p e r ly  i n t e r p r e t e d ,  an index o f  the p r o f i l e  can prov ide  
in fo rm a t io n  on the roughness o f  the s u b s t ra te  and su r face  area 
a v a i l a b i l i t y .  The method I used a l lows  the i n v e s t i g a t o r  to  
measure the s u b s t ra te  p r o f i l e  be fo re  sampl ing b e n th ic  organisms 
w i t h o u t  having to  map the p o s i t i o n  o f  the s u b s t ra te  p a r t i c l e s  
o r  p h y s i c a l l y  remove p o r t io n s  o f  the s u b s t ra te  f o r  measurement. 
In t h i s  manner, a g iven p iece o f  s u b s t ra te  can be r a p i d l y  
re co lon ize d  so t h a t  samples on the same su b s t ra te  can be taken 
a g a in ,  i f  necessary. The p r o t o t y p i c  dev ice  i s  designed to  f i t  
w i t h i n  a Hess bottom sampler.  The m i c r o - p r o f i l e  sampler i s  
c o n s t ru c te d  w i t h  a c i r c u l a r  sheet o f  p le x ig la s s  (about 1 cm. 
t h i c k )  w i th  a d iam ete r  o f  35.68 cm. to  g ive  a te n th -sq u a re -  
meter su r face  area (see f i g u r e  I ) .  The sheet is  prepared by 
d r i l l i n g  holes in  a g r i d  p a t te rn  such t h a t  21 holes are placed 
a t  5 cm. i n t e r v a l s  in  the g r id  p a t t e r n .  The holes are d r i l l e d
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FIGURE I
Schematic o f  M i c r o p r o f i l e  
Measuring Device
A l l  measurements are in cm.
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l a rg e  enough to  accept  21 threaded s te e l  rods o f  about 
8 mm. d iam ete r  ( rods o f  sm a l le r  d iam eter  cause too much f re e  
p lay  on the p le x ig la s s  sheet to  be e f f e c t i v e ) .  Three o f  the 
s te e l  rods are f i x e d  to  the sheet a t  a standard d is ta nce  o f
17.5 cm. from the bottom su r face  o f  the sheet w i th  a system o f  
washers, lock  washers, and nuts to  f i t  the threaded rods.
These th ree  s u p p o r t iv e  legs are p laced to  form a un i fo rm  
t r i a n g l e  in  th ree  o u te r  g r i d  ho les .  This device i s  then 
placed w i t h i n  the Hess sampler which has been p re v io u s ly  
p laced in  the water  upon the s u b s t ra te  area to  be sampled.
The f i x e d  legs which p rov ide  a "ze ro "  re fe rence  p o in t  should 
be maneuvered to  be as c lose  to  the base s u b s t ra te  as p o s s ib le ;  
t h a t  i s ,  not upon any la rg e  o b je c ts  p r o t r u d in g  from the 
s u b s t ra te  s u r fa c e .  The remain ing 18 rods (each 30 cm. long) 
are a l lowed to  f a l l  v e r t i c a l l y  w i t h i n  t h e i r  r e s p e c t iv e  g r i d  
ho les .  As the rods make co n ta c t  w i t h  va r io us  o b je c ts  on the 
s u b s t ra te  the rods are clamped (a s tandard b a r r e l - t y p e  pinch 
clamp i s  s u i t a b le )  a t  the upper sur faces o f  the p le x ig la s s  
sheet to  prevent  f u r t h e r  movement. When a l l  rods have been 
p laced ,  the dev ice  can be removed from the Hess sampler 
(us ing  the f i x e d  legs as handles) and in v e r te b r a te  sampling 
can co n t inue  by normal p rocedures.  Once the dev ice  is  removed, 
the leng ths  o f  the 18 " f r e e "  rods are measured from the 
p le x ig la s s  su r face  to  the t i p  o f  the rod .  I f  the g r id  is  
numbered and the numbered rods are measured and recorded,  
a th ree -d im en s ion a l  schematic drawing o f  the s u b s t ra te  can
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be produced. (The d is tances  to  be s c h e m a t ic a l l y  represented 
are  the  leng ths  o f  the 18 " f r e e "  rods minus the leng th  o f  
a "s tan d a rd "  rod which has been a l lowed to  f a l l  to  a f l a t  
su r face  upon which the d ie v ic e  is  a lso  s i t t i n g . )  The standard 
d e v ia t i o n  from the mean le n g th  o f  the 21 rods (where the th ree  
f i x e d  rods are "s tanda rd "  le n g th )  p rov ides  a s in g le  d e s c r i p t i v e  
index which i s  use fu l  in  h a b i t a t  d e s c r i p t i o n .  The index 
numbers are de f in ed  below.
I PROFILE TYPE
0 -  0 .5  Smooth
0.5  -  1.0 Modera te ly  smooth (g ra v e l )
1.0 -  1.5 . Small cobbled
1.5 - 2 .0 Smooth, medium cobbled
2.0  - 2 .5  Rough, medium cobbled
2.5 - 3 .0  Large cobbled
3.0 -  4 .0 Bouldered
4 .0  + C r i t i c a l  (a ng u la r  bou lders )
V e lo c i t y ,  depth ,  m i c r o - p r o f i l e ,  and tu rb u lence  (by 
Froude number, F , where.
and: V = c u r re n t  v e l o c i t y  i n  cm ./sec .
D = depth i n  ce n t im e te rs
g = a c c e le ra t io n  due to  g r a v i t y  (980 cm . /sec^ . )  
were combined w i th  d i v e r s i t y  o f  in s e c ts  in  the sample and 
number o f  i n d i v i d u a l s  in  a g iven species per sample, in  o rde r  
to  de term ine optimum f lo w  r e la te d  c o n d i t i o n s .
Based on the assumption t h a t  d i v e r s i t y  and /o r  the number 
o f  i n d i v i d u a l s  in  a g iven species i s  h ig h e s t  a t  the optimum
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c o n d i t i o n s  and w i l l  e x h i b i t  a d i s t r i b u t i o n  around t h i s  optimum 
p o i n t ,  the optimum f lo w  c o n d i t io n s  were examined from two 
p e rs p e c t iv e s .  F i r s t ,  s ince  d ischarge  is  r e la te d  p r i m a r i l y  
to  depth and c u r r e n t  v e l o c i t y ,  a th ree  d imensional graph was 
co n s t ru c te d  w i t h  d i v e r s i t y ,  dep th ,  and v e l o c i t y  on the axes.
A th ree  d imensiona l  su r face  was produced. The c e n t ro id  on the 
su r face  was determined to  be t h a t  depth and v e l o c i t y  where 
average d e v e r s i t y  was a t  i t s  h ig h e s t ,  th u s ,  a t  i t s  optimum 
f lo w  and depth requ i rem en t .  Cen t ro ids  were c a lc u la te d  in  the 
manner i l l u s t r a t e d  below.
where i s  the c e n t r o id  f o r  d i v e r s i t y  and c u r re n t  v e l o c i t y  
and Cj i s  the c e n t r o id  f o r  d i v e r s i t y  and depth.  H, the d i v e r s i t y  
i s  c a lc u la te d  as:
(4)  H = In  p^ (Emlen, 1973)
where p^ i s  the p r o p o r t io n  o f  the i - t h  species o f  s species 
w i t h i n  the sample and In p^ is  the naper ian  (base e) lo g a r i th m  
o f  P i . The i n d i c a t o r  sp e c ie s ,  which w i l l  show adequte s t ream­
f lo w  c o n d i t i o n s ,  should have a range o f  to le rances  s im i l a r  to  
c o n d i t i o n s  o f  maximum d i v e r s i t y  as w e l l  as c e n t ro id  lo c a t io n  
c lose  to  the c e n t ro id  f o r  optimum c o n d i t i o n s  o f  d i v e r s i t y  (COCD). 
For i n d i v i d u a l  sp e c ie s ,  N, the number o f  i n d i v i d u a l s  o f  a g iven 
species in  a sample, rep laces  H in  equat ions  (2) and (3 ) .
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The c e n t ro id  determined from the graphs o f  the i n d i v i d u a l  
species g a in s t  v e l o c i t y  and depth was compared w i th  the c e n t ro id  
f o r  optimum c o n d i t io n s  o f  d i v e r s i t y  (COCD). Those species 
which showed the most r e s t r i c t e d  p a t t e rn  o f  to le ra nce s  to  depth 
and c u r r e n t  v e l o c i t y  and whose c e n t ro id  most c lo s e ly  matched 
t h a t  o f  the COCD were then cons idered to  be i n d i c a t o r  spec ies .
The presence o f  the i n d i c a t o r  species in  f u t u r e  samples would 
i n d i c a t e  maintenance o f  community s t r u c t u r e  as i t  was found 
d u r in g  t h i s  s tudy .
The th ickness  o f  the lam ina r  boundary la y e r  o f  s t i l l  water
I
along the s u b s t ra te  o f te n  determines the m i c r o d i s t r i b u t i o n  o f
in v e r te b r a te s  w i t h i n  a r i f f l e  (Hynes, 1970). Turbu lence,  which
i s  r e la te d  to  depth and v e l o c i t y ,  and the p r o f i l e  o f  the su b s t ra te
determine the depth o f  t h i s  boundary la y e r .  To determine the
p re fe rences  o f  i n v e r te b r a te s  f o r  s u b s t ra te  and tu rb u le n c e ,  s im i l a r
th re e  d imensional su r faces  and c e n t ro id  c a l c u la t i o n s  were made,
us ing Froude number, m i c r o - p r o f i l e  in d e x ,  and d i v e r s i t y  o r
numbers o f  i n d i v i d u a l s  in  a species as the v a r ia b le s .  The
c e n t ro id  c a l c u la t i o n s  a re :  f  H
C f  ^ ------------  [ s ]
Z l H  ,
where Cf i s  the c e n t ro id  f o r  tu rb u le n ce  and d i v e r s i t y  and 
Ct i s  the c e n t ro id  f o r  m i c r o - p r o f i l e  and d i v e r s i t y .  v , d , f ,  and 
i are the  va lues o f  c u r r e n t  v e l o c i t y ,  dep th ,  Froude number, and 
m i c r o - p r o f i l e  index f o r  the i - t h  sample being examined.
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Cen tro ids  f o r  the i n d i v i d u a l  species are c a lc u la te d  by 
s u b s t i t u t i n g  N f o r  H in  equat ions  (5) and ( 6 ) .  The c e n t ro id  
f o r  d i v e r s i t y  was assumed to  show the s u b s t ra te  and tu rbu lence  
a t  which community s t r u c t u r e  was a t  i t s  optimum. I n d i c a t o r  
species were again  detemined and compared w i th  the in d i c a t o r s  
from depth and v e l o c i t y  to  determine i f  a s in g le  i n d i c a t o r  species 
cou ld  be chosen.
On October 30, 1975, the Tongue R ive r  R e se rvo i r  dam was 
c losed f o r  a p e r iod  o f  s i x  weeks f o r  r e p a i r s  o f  s te e l  backing 
p la te s  on the concre te  c o n t ro l  ga tes .  Only a maximum o f  40 c . f . s .  
(1 .13  m / s e c . )  o f  water  was being pumped over the s p i l lw a y  and 
i n t o  the r i v e r  channel d u r in g  t h i s  p e r io d .  Remaining water 
in  the r i v e r  was de r ived  s o le l y  from bank recharge and t r i b u t a r y  
w a te r .  Before c lo s u r e ,  the d ischarge  ra te  was 190 c . f . s .
(5 .38  m ^ /sec . )  which was assumed to  be above the minimum 
d ischa rge  requ irements  o f  the animals in  the r i v e r .  Since 
f lo w  cou ld  con ce iva b ly  drop to  40 c . f . s .  d u r ing  t h i s  pe r iod  o f  
t im e ,  an e x c e l l e n t  o p p o r tu n i t y  to  examine the e f f e c t s  o f  
reduced stream d ischarge  and t e s t  the v a l i d i t y  o f  a recommended 
minimum f lo w  presented i t s e l f .  On October 31, 1975, through 
November 3, 1975, and November 4 through November 5, 1975, d r i f t  
samples were taken.  The d r i f t  nets (mesh s ize  18 per cm.,
30 cm. X 38 cm. o r i f i c e )  were p laced a t  the bottom o f  the r i f f l e  
area on the V i a l l  Ranch s e c t io n .  During the sampling p e r io d s ,  
the ne t  con ten ts  were emptied i n t o  c o l l e c t i n g  j a r s  o f  10% 
fo rm a l in  and water  a t  f o u r  hour i n t e r v a l s .  Depth o f  the water
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and c u r r e n t  v e l o c i t y  a t  the o r i f i c e  were a lso  measured a t  the 
t ime o f  c o l l e c t i o n .  The samples were l a t e r  washed, s o r te d ,  
i d e n t i f i e d ,  and counted to  determ ine normal d r i f t  p a t te rn s  and 
the e f f e c t  o f  reduced f l o w  on the d r i f t  o f  the stream 
in v e r te b r a t e s .  A pp rox im a te ly  two weeks a f t e r  the apparent 
minimum d ischarge  had been reached { rang ing  from 25 c . f . s .
(.71 m ^ /sec . )  a t  the r e s e r v o i r  to  75 c . f . s .  (2 .12  m^/sec . )  a t  the 
mouth o f  the r i v e r ) ,  q u a n t i t a t i v e  Hess samples were taken a t  the 
e ig h t  sampl ing s t a t i o n s  in  o rde r  to  determine the i n i t i a l  e f f e c t  
o f  the massive f lo w  re d u c t io n  on community s t r u c tu r e  and 
d i s t r i b u t i o n  o f  i n v e r te b r a t e  spec ies .
Th is  temporary massive s t ream f low  re d u c t io n  o f fe re d  an 
o p p o r tu n i t y  to  determ ine the d ischarge  a t  which in v e r te b ra te s  
began le a v in g  t h e i r  p re fe r re d  h a b i t a t s  in  search o f  optimum 
depth and v e l o c i t y  c o n d i t i o n s .  This assumes, o f  course ,  t h a t  
the f lo w  re d u c t io n  would surpass those c o n d i t io n s  o f  f lo w  and 
depth which cause in v e r te b r a te s  to  e n te r  the d r i f t  in  search 
o f  new h a b i t a t s .
COLLECTION POINT DESCRIPTIONS (map, f i g  I I )
P o in t  I and I I ,  Hosford Ranch, Rosebud County, Montana 
( e le v .  3340 f t  o r  1018 m . ) ,  are f i v e  m i les  (8 .05 km.) a p a r t  
and about 10 m i les  (16.1 km.) below the Tongue R ive r  Reservo i r  
Dam, 10 m i les  (16.1 km.) south o f  the main entrance to  the 
Hosford Ranch. Th is  area i s  cons idered to  be in  the co ld  water
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FIGURE I I  
Map
Tongue R ive r
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h a b i t a t  s e c t io n  and is  bordered by pas tu re  g rass lands .  The 
wa te r  temperatures reach a h igh  o f  15° C. d u r in g  the summer 
months and a low o f  4° C. d u r in g  the w in te r  months (personal 
o b s e rv a t io n  and Montana S ta te  Department o f  N a tu ra l  Resources 
and C onserva t ion ,  Water Resources D i v i s i o n ,  1974). Since the 
r e s e r v o i r  ac ts  as a ca tch  bas in  f o r  most sediments in  the r i v e r ,  
t u r b i d i t y  is  ex t rem e ly  low. Dense mats o f  p e r ip h y to n ,  p r im a r i l y  
Cladophora and in t e r tw in e d  masses o f  Sp i rogy ra  are p resen t .  The 
s u b s t ra te  i s  p r i m a r i l y  medium and la rge  cobb le .
Po in ts  I I I '  and I I I ,  B i rney  s e c t io n .  Rosebud County,
Montana, are a p p rox im a te ly  two m i les  (3 .22 km.) a p a r t ,  in  the 
town o f  B i rn e y ,  Montana ( e le v .  3155 f t .  o r  961.1 m.) I l l '  i s  
lo ca ted  100 meters below the entrance o f  Hanging Woman Creek.
I l l  i s  loca ted  across from the B i rney  School below the entrance 
o f  a small sewage e f f l u e n t .  The r i v e r  is  bordered by cottonwoods 
w i l d  rose ,  and va r io u s  grasses. These sampl ing p o in ts  and 
succeeding sampl ing p o in ts  are cons idered to  be in  the warm 
water  s e c t io n  o f  the r i v e r  where a d d i t i o n  o f  t r i b u t a r y  w a te rs ,  
recharge from ground w a te r ,  and atmospher ic hea t ing  have a l t e re d  
the  thermal regime o f  the r i v e r  such t h a t  w a te r  temperatures 
reach a h igh  o f  26° C. d u r in g  the summer and lows o f  2® C. 
d u r in g  the w in te r  months. A t  B i rn e y ,  a d d i t i o n  o f  some i r r i g a t i o n  
water  and the sediment loads from Hanging Woman Creek have 
caused t u r b i d i t y  to  in c rease .  Pe r iphy ton  i s  reduced to sparse 
mats o f  Cladophora and S p i r o g y ra . The s u b s t ra te  i s  again medium
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to  la rg e  angu la r  cobb le .  P o in t  I I I '  was o r i g i n a l l y  chosen 
to  t e s t  the e f f e c t  o f  the sewage e f f l u e n t  on the community 
s t r u c t u r e  in  t h i s  area o f  the r i v e r .  Since no s i g n i f i c a n t  
changes seemed apparen t  in  samples above and below the e f f l u e n t  
(shown by f a l l - w i n t e r  d i s t r i b u t i o n s  and dendrograms to  be 
examined l a t e r  in  t h i s  p a p e r ) .  I I I '  was dropped as a sampling 
s i t e  in  subsequent d i s t r i b u t i o n a l  samples. I t  was assumed th a t  
I I I  was s u f f i c i e n t l y  r e p r e s e n ta t i v e  o f  the in v e r te b r a te  community 
in  the area.
P o in t  IV, Ashland s e c t i o n .  Rosebud County, Montana, i s  
loca ted  beneath the b r idge  which crosses the Tongue R ive r  in  
the town o f  Ash land,  Montana ( e le v .  2920 f t .  o r  890 m . ) ,  a t  
White Mood Park, Th is  p a r t i c u l a r  s e c t io n  o f  the r i v e r  channel 
has been m o d i f ied  s l i g h t l y  f o r  the c o n s t ru c t io n  o f  the b r id g e .  
T u r b i d i t y  is  low to  moderate w i th  the s u b s t ra te  being small 
to  medium cobb le .  Cladophora occurs in  sparse clumps a t tached  
to  some l a r g e r  rocks bu t  the  dominant a lg a l  cover i s  the 
b lue -g reen  a lg a ,  N os toc .
P o in t  V, V i a l l  s e c t i o n .  Rosebud County, Montana, is  
loca ted  s i x  m i les  upstream from the Brandenberg Br idge  on the 
V i a l l  Ranch ( e le v .  2790 f t .  o r  850.4 m .) .  In t h i s  s e c t io n ,  
a d d i t i o n a l  i r r i g a t i o n  in p u ts  and the sediment load from O t te r  
Creek make moderate t u r b i d i t y  common th roughou t  the year .  The 
s u b s t ra te  is  medium cobble  w i t h  sparse growths o f  Cladophora 
and inc reased amounts o f  Nostoc.
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P o in t  V i ,  S-H Ranch, Custer  County, Montana, ( e le v .
2675 f t .  o r  815.3 m.) i s  loca te d  one m i le  (1.61 km.) below the 
road le ad ing  to  the r i v e r  from the south en trance o f  the S-H 
Ranch, about 100 meters below a small w a t e r f a l l  i n  the s e c t io n .  
Th is  s e c t io n  is  unique in  t h a t  the s u b s t ra te  in  the sampling 
area i s  bare bedrock covered w i th  medium cobb le .  Growths o f  
Nostoc are  q u i t e  e x ten s ive  on t h i s  bedrock su r face  and t u r b i d i t y ,  
w i th  a d d i t i o n a l  i r r i g a t i o n  i n p u t s ,  i s  moderate to  heavy.
P o in t  V I I ,  I  & Y D iv e r s io n ,  Custer  County,  Montana 
( e le v .  2455 f t .  o r  748.3 m . ) ,  i s  loca ted  a t  the Montana 
Fish and Game Department f i s h i n g  access s i t e ,  12 m i les  
(19 .3  km.) south o f  M i le s  C i t y ,  Montana, and 50 meters below 
the d iv e r s io n  s p i l lw a y .  In  t h i s  area o f  the r i v e r ,  j u s t  
upstream from the en trance o f  Pumpkin Creek, the su b s t ra te  i s  a 
m ix tu re  o f  50% medium and small cobble  and 50% sand. T u r b i d i t y  
is  q u i t e  heavy and the pe r iph y ton  is  a lmost  a l l  Nostoc.
With regards to  sampl ing f o r  d i s t r i b u t i o n a l  records ,  i t  
should be noted t h a t  not a l l  p o in ts  were sampled in  a g iven 
month due to  i n a c c e s s i b i l i t y  o f  some areas d u r ing  w in te r  months. 
However, each p o in t  was sampled a s u f f i c i e n t  number o f  t imes 
to  o b ta in  a reasonab ly  accu ra te  es t im a te  o f  the aq u a t ic  
m a c ro in v e r te b ra te  community s t r u c t u r e  a t  each o f  the p o in t s .
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CHAPTER I I I  
RESULTS
C h a r a c t e r i s t i c s  o f  the c o l l e c t i o n  area are summarized 
in  t a b le  I .
The r e s u l t s  o f  the c o l l e c t i o n s  f o r  d i s t r i b u t i o n a l  
a n a ly s is  are presented in  t a b u la r  form (appendix tab les  
A and B) i n d i c a t i n g  t o t a l  number o f  i n d i v i d u a l s  and r e l a t i v e  
abundance, in  percentage o f  t o t a l  numbers, o f  the species 
c o l l e c t e d .
Where p o s s ib le ,  organisms have been i d e n t i f i e d  to  the 
species le v e l  ( A l l e n ,  1973, Burks,  1953, Edmondson, 1959, 
Jensen, 1972, Needham, T ra v e r ,  and Hsu, 1935 f o r  Ephemeroptera 
Edmondson, 1959, F r is o n ,  1929, 1935, 1942, G au f in ,  e t .  a l . ,  
1972, Harden and M is k e l ,  1952, H i tch co ck ,  1974, R icker  and 
Ross, 1975, Us inge r ,  1956, and Zwick,  1973 f o r  P lecop te ra ,  
Edmondson, 1959, Needham and W e s t f a l l ,  1955, Provonsha and 
M c C a f fe r ty ,  1973, Us inge r ,  1956, and Walker, 1953 f o r  Odonata, 
B e t te n ,  1934, Ross, 1944, Us inge r ,  1956, and W igg ins ,  personal 
communicat ion, f o r  T r i c h o p te ra ,  Edmondson, 1959, and U s inger ,  
1956, f o r  Hemiptera,  Brown, 1972 and personal communication, 
LeSage and Harper ,  1976, and Us inge r ,  1956, f o r  C o leop te ra ,  
Edmondson, 1959, N icho lson and N i c k e l ,  1950, and U s inger ,
1956,f o r  D ip te r a ,  Burch, 1972, 1973, C la m p i t t ,  1970, 1974, 
C la rk e ,  1973, D e w i t t ,  1955, Edmondson, 1959, and Pennak, 1953,
22
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TABLE I
General Environmenta l Cond i t ions  o f  C o l l e c t i o n  
Areas w i t h  Respect to  T u r b i d i t y ,  S u b s t ra te ,  
and Per iphy ton
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C o l l e c t i o n  Area C h a r a c t e r i s t i c s
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AREA TURBIDITY SUBSTRATE PERIPHYTON
I
I I
Low
Medium to
la rg e
cobble
C ladophora , 
Spi r o g y r a , 
dense mats
I I I '
I I I
Low to  
moderate
Medium to
la rg e
cobble
C ladophora, 
Spi r o g y r a , 
sparse mats
IV Low Medium to  
smal 1 
cobble
Nostoc
sparse
Cladophora
V Moderate Medi um 
cobble
N os toc , 
sparse 
Cladophora
VI Moderate 
to  Heavy Bedrock w i th  Heavy Nostoc 
medium cobble
V I I Heavy Medium cobble Heavy Nostoc 
and sand
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f o r  M o l lusca ,  and Edmondson, 1959, and Pennak, 1953, f o r  
T u r b e l l a r i a ) . Since many nymphal and l a r v a l  keys are not 
complete a t  the species leve .  some s p e c i f i c  des ig na t ion s  
may be in n a cu ra te .  However, gene r ic  de s ig n a t ion s  may be 
cons idered to  be a ccu ra te .  The c o l l e c t i o n  c o n s is ts  o f  nymphal 
and l a r v a l  forms f o r  the most p a r t .
Three o f  the f i v e  species o f  Hydropsyche have been 
des ignated as Hydropsyche s p . a_, H. s^ .  and Ĥ. c. 
Hydropsyche s p . ^  has a head p a t te rn  s i m i l a r  to  Ĥ. recurva ta  
o f  the b i f i d a  group as des ignated by Ross (1944).  However, 
v a r i a b i l i t y  in  head p a t te rn s  is  so g re a t  t h a t ,  as a s in g le  
c h a r a c t e r i s t i c ,  i d e n t i f i c a t i o n  can not be a c c u ra te ly  made. 
Hydropsyche s p . lb i s  s i m i l a r  to  11. b e t te n i  a l though  i t  lacks 
the l i g h t  p a t te rn  a t  the p o s t e r i o r  margin o f  the  head.
Hydropsyche s p . £  has no s i m i l a r i t i e s  to  those forms p re s e n t ly
d e sc r ibe d .  The r u s t  co lo red  head has a p a t te rn  which
encompasses the dashes near the eyes, as in  HL o c c i d e n t a l i s ,
and the crossed p a t te rn  o f  Ĥ. r e c u r v a ta .
Two dryopo id  b e e t le s  have been des ignated as Stenelmis s p . £  
and Stenelm is  s p . £ .  s£. £  g e n e ra l l y  resembles c renata  and
and £ .  s£. £  s u p e r f i c i a l l y  resembles Ordobrevia  n u b i fe ra  as 
des ignated by Brown (1972).  Brown a lso  s ta te s  (personal 
communication) t h a t  Stene lm is  s p . £  and £. ££. £  are eas tern  
Un i ted  Sta tes forms.  He s ta te s  t h a t  severa l  new species o f  
Stene lm is  are being repo r ted  from Idaho and Oregon. I t  i s  l i k e l y  
t h a t  £ .  ££. £  and £ .  s£. £  wi 11 be inc luded  in  t h i s  group
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when f u l l y  desc r ibed .
Where the  d e s ig n a t io n  " s p p . "  occu rs ,  i t  can be assumed 
t h a t  e x i s t i n g  keys do not  d i f f e r e n t i a t e  betweeen la r v a l  o r  nymphal 
forms a t  the s p e c i f i c  le v e l  and t h a t  more than one species may be 
i  n c lud e d .
Transec t  sample numbers and v a r ia b le  values are l i s t e d  in  
appendix ta b le  C. V e lo c i t i e s  ranged from 0 to  129.4 cm./sec.  
Depths ranged from 5 cm. to  45 cm. Froude numbers, i n d i c a to r s  
o f  t u rb u le n c e ,  ranged from 0 to  1.172 where an F va lue less  than 
u n i t y  i n d ic a te s  a s t reaming f lo w  ch a ra c te r iz e d  by a smooth 
unbroken su r face  w i t h  occas iona l  s tand ing  waves and an F value 
g re a te r  then u n i t y  represen ts  a shoo t ing  regime w i th  a rough 
o r  broken su r face  w i t h  b reak ing  s tand ing  waves and an t i -w aves .
The m i c r o - p r o f i l e  index .  I ,  ranged from modera te ly  smooth 
to  bouldered p r o f i l e s  ( .634  to  3 .7 12 ) .  D i v e r s i t y ,  H, ranged 
from 0 to  3.019. H measures the u n c e r t a in t y  w i th  which one can
p r e d i c t  the species o f  the next  i n d i v i d u a l  encountered. That i s ,
as H in c re ase s ,  the re  i s  g re a te r  u n c e r t a in t y  and more numbers 
o r  evenness o f  spec ies p resen t  (Emlen, 1973).
C en tro id  va lues f o r  d i v e r s i t y  and the species which were 
examined are presented in  appendix ta b le  D. The im p l i c a t io n s  
o f  these c e n t ro id s  w i l l  be d iscussed in  the f o l l o w in g  chap te r .
Composi t ion ,  by sp ec ies ,  o f  each sample is  inc luded 
in  appendix t a b le  E.
In fo rm a t io n  on d r i f t  d u r in g  the pe r iod  o f  the f low
re d u c t io n  caused by c lo su re  o f  the dam is  presented in
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f i g u r e s  XXVI, XXVII ,  X X V I I I ,  XXIX, and XXX in  which d r i f t  
by a l l  in v e r te b r a te s  i s  cons idered and then broken i n t o  i t s  
c o n t r i b u t i o n  by Ephemeroptera, P le co p te ra ,  Hemip tera,  and 
Co leoptera  r e s p e c t i v e l y .  D iscuss ion  o f  d r i f t  p a t te rn s  f o l l o w .
The r e s u l t s  o f  the p o s t - c lo s u re  d i s t r i b u t i o n a l  samples 
are l i s t e d  in  appendix ta b le  F .
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CHAPTER IV
ANALYSIS AND DISCUSSION
DISTRIBUTION AND ABUNDANCE
From the t a b u la r  data (appendix t a b l e s ) ,  k i te -d iag ra m s  
( f i g u r e s  I I I  and IV) are presented showing r e l a t i v e  abundance 
and l o n g i t u d in a l  d i s t r i b u t i o n .  Dashed l i n e s  i n d i c a te  the 
presence o f  the orgnism in  t h a t  s e c t io n  o f  the r i v e r ,  as determined 
by k ic k  samples f o r  which no r e l a t i v e  abundances have been 
determi ned.
A n a lys is  o f  the k i t e  diagrams to  determine community 
a s s o c ia t io n s  can be accomplished through the use o f  c lu s te r i n g  
techn iques .  A m o d i f ie d  Jaccard a s s o c ia t io n  c o e f f i c i e n t  (Church, 
1976) i s  used to  compare community s t r u c t u r e s ,  as determined by 
Hess samples f o r  d i s t r i b u t i o n a l  in fo rm a t io n .  An a s s o c ia t io n  
m a t r i x  i s  co n s t ruc te d  where the a s s o c ia t io n  values are determined 
as f o l l o w s :
J i j  -  P̂  X Pj (7)
where P\ = (a + b ) / ( a  + b + c)  (8)
and Pj = (a + c ) / ( a  + b + c)  (9)
when a i s  the sum o f  the r e l a t i v e  abundances o f  those species 
which occur in  both samples i and j , b i s  the sum o f  the r e l a t i v e  
abundances o f  those species which occur on ly  in  sample i ,  and c 
i s  the sum o f  the r e l a t i v e  abundances o f  species which occur 
o n ly  in  sample j .
28
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FIGURE I I I
F a l l - W in te r  D i s t r i b u t i o n  and Abundance 
o f  the M ac ro in ve r te b ra te s  
in  the Tongue R ive r
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I  I I  I I I  I I I  I V  V  V I  V I I
Choroterpes a lb ia n n u la ta
P a ra le p to p h le b ia  d e b i l i s  
L ep toph leb ia  sp.
B ae t is  t r i c a u d a tu s
Stenonema rees i
Rhi throgena hageni
Ephemerella m a rga r i ta
T r ico ry thode s  sp.
T r ico ry th o d e s  minutus
Ophiogomphus m orr iso n i
A rg ia  v i v id a
S trophop te ryx  f a s c ia t a
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I I I  I I I  I I I  I V  V  V I  V I I
Capnia l im a ta  
Isogenoides modestus 
Isogenoides f r o n t a l i s
Acroneur ia  abnormis
C a ta c lys ta  sp,
Cheumatopsyche sp.
Hydropsyche b i f i d a
Hydropsyche sp. a
Hydropsyche o c c id e n ta l  i s
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Hydropsyche sp. b
I  I I  I I I  I I I  I V  V  V I  V I I
Hydropsyche sp. c 
Brachycentrus numerosus
Brachycentrus americanus
Ath r ipsodes  sp.
L e p to c e l la  sp, 
Laccobius sp.
Stenelmis  sp. a
Stenelmis sp. b
Simulium sp. 
Metriocnemus sp
A th e r i x  sp,
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F e r r i s i a  r i v u l a r i s
E l l i p t i o  sp.
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I I  I I I '  111 I V V  V I  V I I
Physa g y r in a
Sphaerium s im i l e
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FIGURE IV
Summer D i s t r i b u t i o n  and R e la t i v e  Abundance 
o f  the M acro in ve r te b ra tes  
i n  the Tongue R ive r
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I l  I I I  I V  V  V I  V I I
B a e t is  t r i c a u d a tu s
B ae t is  sp. b
B ae t is  a lexander i
Lach lan ia  p o w e l l i
Rhithrogena hageni
Stenonema rees i
Heptagenia s o l i t a r i a
Choroterpes a lb ia n n u la ta
T r a v e r e l la  a lb e r ta n a
Ephemerella h y s t r i x
T r ico ry th od e s  minutus
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I I I  I I I  I V  \ r  V I  V I I
Ephoron album 
A rg ia  v i v id a
Ophiogomphus m o rr iso n i
Isogenoides f r o n t a l i s
Acroneur ia  abnormis 
G rap toco r ixa  sp.
Cheumatopsyche sp.
Hydropsyche sp. a
Hydropsyche o cc id e n ta l  i s  
Hydropsyche sp. b 
Hydropsyche sp. c
Hydropsyche b i f i d a
H y d r o p t i l a  sp.
A th r ipsodes  sp.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
37
li 111 IV V VI v u
L e p to c e l la  sp.
Brachycentrus americanus
Simulium sp.
Metriocnemus sp,
Stene lm is sp. a 
( a d u l t )
( l a r v a e )
Stene lm is  sp. b 
( a d u l t )
( l a r v a e )
Dub iraph ia  sp. 
Dugesia t i g r i n a  
Lumbricus sp. 
F e r r i s i a  r i v u l a r i s
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Physa g y r in a
Lymnea sp. 
Sphaerium s im i l e
P is id iu m  compressum
IV V I V II
L a m p s i l is  r a d ia ta  
( s i l i q u o i d e a )
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Dendrograms ( f i g u r e s  V and V I )  are co n s t ru c te d  by us ing 
the  WPGMA (weighted p a i r -g ro u p  us ing mathematical averages) 
c l u s t e r i n g  method (Sneath and S o k a l , 1974). The dendrogram 
in d i c a te s  those samples which are most c lo s e l y  r e la te d  ( t h a t  
i s ,  most s i m i l a r )  by connec t ing  them to g e th e r  a t  the h ighe s t  
p o s s ib le  a s s o c ia t io n  c o e f f i c i e n t .  C o e f f i c i e n t s  range from 
0 to  1, where 1 i s  i d e n t i t y .  Thus, f o r  example, in  the f a l l -  
w in t e r  d i s t r i b u t i o n s ,  samples I I I '  and I I I  are  v i r t u a l l y  
i d e n t i c a l  w i th  an a s s o c ia t io n  c o e f f i c i e n t  o f  .974. I t  i s  f o r  
t h i s  reason t h a t  sample s i t e  I I I '  was e l im in a te d  from f u r t h e r  
c o n s id e ra t io n  in  subsequent l o n g i t u d in a l  sampl ing.  The high 
degree o f  s i m i l a r i t y  o f  community s t r u c t u r e  in d ic a te s  t h a t  the 
e f f e c t s  o f  the sewage e f f l u e n t  in  the town o f  B i rney  i s  small 
enough so t h a t  samples taken a t  s i t e  I I I  would be r e p re s e n ta t i v e  
o f  the a q u a t ic  community o f  the general area r a th e r  than 
showing the e f f e c t s  o f  the sewage e f f l u e n t .
From the dendrogram o f  the f a l l - w i n t e r  d i s t r i b u t i o n  
( f i g u r e  V ) ,  i t  can be seen t h a t  th re e  d i s t i n c t  communit ies 
e x i s t  along the le n g th  o f  the Tongue R ive r .  S i te s  I and I I  
are in  the co ld  wate r  s e c t io n  and a s s o c ia t io n  w i th  communit ies 
in  the warm water  s e c t io n  i s  ve ry  small ( . 4 7 5 ) .  In the upper 
warm water  area a d i s t i n c t  community e x i s t s ,  as shown by samples
I I I ’ , I I I ,  and IV. Sample V seems t r a n s i t i o n a l  between the upper
and lower warm water  communit ies and as such i s  no t  c lo s e ly
assoc ia ted  w i t h  e i t h e r  bu t  does seem to  be most c lo s e ly
assoc ia ted  w i t h  the upper warm water  community. The lower r i v e r .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
40
FIGURE V
A s s o c ia t io n  Dendrogram 
F a l l - W in t e r  Community
FIGURE VI
A s s o c ia t io n  Dendrogram 
Summer Community
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a g a in ,  shows a t h i r d  d i s t i n c t  community. In  t h i s  a rea ,  the 
c lo se  a s s o c ia t io n  between s i t e s  VI and V I I ,  w i t h  such d i f f e r e n t  
s u b s t r a te s ,  i n d ic a te s  the p re fe rence  o f  the in s e c ts  i n  these 
areas f o r  a d i s t i n c t  p r o f i l e  ( te n d in g  to  be smooth) r a th e r  than 
a s u b s t ra te  m a te r ia l  type .  T u r b i d i t y  and a lg a l  cover seem to 
be v a r ia b le s  which may a lso  cause c lose  a s s o c ia t io n  o f  these two 
communi t i e s .
I t  can be seen t h a t  the t r a n s i t i o n  zone between co ld  water  
and warm water  h a b i t a t s  (as d e l in e a te d  in  f i g u r e s  I I I  and V by 
sample I I I ' )  serves as the border  f o r  the  upstream d i s t r i b u t i o n  
o f  many organisms. Only a few in s e c t  genera ( B a e t i s ,
S t ro p h o p te r y x , Hydropsyche. S imu l ium , and Metr iocnemus) 
extend the e n t i r e  le n g th  o f  the r i v e r  th rough both co ld  and 
warm water  env ironments .
Neel (1963) s ta te s  t h a t  i f  a r e s e r v o i r  i s  deep enough to  
become th e rm a l ly  s t r a t i f i e d  and has a h y p o l im n ia l  d r a i n ,  the 
d ischa rge  o f  co ld  water  has a s t a b i l i z i n g  e f f e c t  on the thermal 
regime o f  the r i v e r  below the  dam, such t h a t  temperatures are 
c o n s id e ra b ly  c o o le r  in  the summer and warmer in  the w in t e r .
Hubbs (1972) has found t h a t  the  re d u c t io n  o f  24-hour temperature 
f l u c t u a t i o n s  causes a marked decrease in  the number o f  i n v e r te b r a t e  
sp e c ies .  Most orgnisms l i v e  best  in  a s i t u a t i o n  o f  thermal f l u x  
which synchron izes  the l i f e  c yc le  and s t im u la te s  growth o f  
i n s e c t  i n s t a r s .  Th is  in fo rm a t io n  i s  supported by work on the 
m a y f l ie s  by Ide (1935) and more r e c e n t l y  by T r o t t i e r  (1971) 
on the e f f e c t s  o f  temperature on the l i f e - c y c l e  o f  d r a g o n f l i e s .
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Ward (1974) found t h a t  the South P la t t e  R iv e r ,  in  Co lorado,  was 
t y p i c a l  in  i t s  responses to  hypo l imn ion  d ra in  from Cheesman 
Dam. Ben th ic  a lgae increased in  the co ld  wate r  s e c t io n  through 
a combinat ion  o f  decreased t u r b i d i t y ,  increased n u t r i e n t s ,  
increased f lo w  cons tancy ,  and decreased bank and bed e ros ion .  
Fi lamentous ch lo rophy tes  were e s p e c ia l l y  enhanced. A l though 
d e n s i t i e s  o f  some in v e r te b r a te s  may inc rease  below a r e s e r v o i r ,  
d i v e r s i t y  is  markedly  decreased and increases s lo w ly  downstream. 
Ward a lso  p r e d ic t s  t h a t  those species ab le  to  su rv iv e  and mate 
under low temperature  c o n d i t io n s  and ad jus ted  to  depend on 
pho toper iod  and endogenous rhythms to  avo id  w in t e r  emergence 
are those species most l i k e l y  to  be dominant in  t h i s  area.
In  a d d i t i o n .  Ward f e e l s  t h a t  these are uns tab le  communit ies 
which a r e l a t i v e l y  minor b i o t i c  o r  a b i o t i c  change would 
produce g re a t  changes in  community s t r u c t u r e .  Lemkuhl (1972),  
in  s tu d ie s  o f  the Saskatchewan R iv e r ,  has found t h a t  diapause 
eggs, which r e q u i r e  temperature  f l u c t u a t i o n s  to  ha tch ,  w i l l  
no t  hatch in  areas in f lu e n c e d  by h yp o l im n ia l  r e le as e .  F i f t e e n  
species o f  m a y f l ie s  were found above the r e s e r v o i r  and none in  
the t h e rm a l ly  a l t e r e d  area below the h y p o l im n ia l  re le ase .
Because o f  tempera ture  constance,  f o u r  c r i t e r i a  were not met:
1) the  n e c e s s i ty  o f  f r e e z in g  temperatures to  break egg d iapause;
2) a ra p id  f l u c t u a t i o n  from f r e e z in g  to  h igh e r  temperatures to  
induce ha tch ing  in  some spe c ie s ;  3) the requ irem ent  o f  a minimum 
tempera ture  over  a g iven  p e r iod  o f  t ime to  s t im u la te  nymph
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m a tu ra t io n ;  and 4) a c e r t a i n  number o f  degree days a t  h igh 
temperatures f o r  emergence to  take p la ce .  The in fe re n ce  i s  made 
t h a t  non-mayf ly  a q u a t ic  i n s e c t s ,  which o f te n  have s i m i l a r  
requ i rem en ts ,  are e l im in a te d  from these areas f o r  the same 
reasons. Spence and Hynes (1971) have a lso  found t h a t  lowered 
temperatures cause the increase  in  growth and abundance o f  
p e r iph y to n  (by reduc ing  the number o f  g raze rs )  which leads to  
a r a d i c a l  a l t e r a t i o n  o f  the s u b s t ra te ,  e l im in a t i n g  many su b s t ra te  
s p e c i f i c  organisms and in c re a s in g  the number o f  a v a i la b le  m ic ro ­
h a b i t a t s  f o r  those species which would be less  abundant under 
normal c o n d i t i o n s .  Spence and Hynes argue t h a t  the e f f e c t s  o f  a 
h y p o l im n ia l  re lease  c o l l e c t i v e l y  change the benthos in  the same 
way as does m i ld  o rgan ic  p o l l u t i o n .
Pearson, Kramer, and F r a n k l in  (1968) and Ward (1974) found 
t h a t  w i th  in c re a s in g  d is ta n ce  from the dam, atmospheric  
c o n d i t io n s  and t r i b u t a r y  waters combine to  r e tu r n  the r i v e r  to  
i t s  pre-impoundment s ta te  and the numbers o f  i n v e r te b r a te  species 
in c re ase .  Depending on the  d ischarge  r a t e ,  the depth o f  the 
hypo l im n ion ,  and the h y d ra u l i c  geometry o f  the r i v e r ,  the 
h y p o l im n ia l  e f f e c t s  can extend to  a d is ta n c e  o f  150 km. below 
the r e s e r v o i r .
Radford and Hart land-Rowe (1971) ,  from t h e i r  work on the 
Kananaskis R ive r  in  A lb e r t a ,  found t h a t  areas a f fe c te d  by 
h y p o l im n ia l  re le ase  show low d i v e r s i t y  and d e n s i t i e s  o f  
i n v e r t e b r a t e s , This  s i t u a t i o n  con t inues i n t o  the une f fec ted
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p o r t io n s  o f  the r i v e r  where d e n s i t i e s  and d i v e r s i t y  o f  
in v e r te b r a te s  inc reases  bu t  i s  s t i l l  s u b s t a n t i a l l y  lower than 
in  s i m i l a r  unimpounded r i v e r s .
H i l s e n h o f f  (1971) ,  work ing  on M i l l  Creek in  Wiscons in ,  
has found t h a t  preimpoundment surveys showed d iv e rs e  fauna 
o f  Ephemeroptera, T r i c h o p te r a ,  D ip te r a ,  and Co leopte ra .  Ye t ,  
a f t e r  impoundment, the  community was a lmost com p le te ly  e l im in a te d  
and rep laced w i t h  S im u l i id a e  and Chironomidae. Increases in  
t o t a l  phosphorus and n i t ro g e n  as w e l l  as a l t e r e d  thermal 
regime were the im p l ie d  causes f o r  the change in  community 
s t r u c t u r e .
Isom (1969) and Bates (1962) ,  i n  separa te  in v e s t i g a t i o n s  on 
in f lu e n c e s  o f  mainstream impoundments in  the Tennessee V a l le y ,  
have found d e c l in e s  in  m o l lusc  d i v e r s i t y  as a r e s u l t  o f  
h yp o l im n ia l  re le a se s .  A l though the  un ion icean clams were 
g r e a t l y  reduced, the Lamps i l inae  and o th e r  sm a l le r  clams 
p e r s i s t  and o f te n  make up the e n t i r e  communit ies in  the areas 
d i r e c t l y  below a h yp o l im n ia l  d r a in  r e s e r v o i r .
T ro tzky  and Gregory (1974) found the same descr ibed 
e f f e c t s  o f  h yp o l im n ia l  d ischarge  dams on woodland streams in  
Maine.
The Tongue R ive r  R e se rvo i r  dam has a h yp o l im n ia l  d ischarge  
and the b io l o g i c a l  s i t u a t i o n s  descr ibed  above are e x h ib i t e d  q u i t e  
d i s t i n c t l y  on the Tongue R ive r .
Thus, i t  can bee seen t h a t  in  the area o f  the  r i v e r  
a f f e c t e d  by the h y p o l im n ia l  d isch a rg e ,  the in s e c t  fauna is
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d im in ished  and the  dominant forms are the mol luscs  Physa g y r in a  
and Sphaerium s im i l e  a long w i th  the r i f f l e  b e e t le  Stenelmis 
s p . From the c o l l e c t i o n  p o in t  data ( t a b le  I ) ,  the co ld  water  
area i s  a lso  an area o f  low t u r b i d i t y  and increased pe r iphy ton  
as e x e m p l i f i e d  by the dense mats o f  C ladophora. S t o i l e r  (1963) 
observed s i m i l a r  r e l a t i o n s h ip s  between a h y p o l im n ia l  re lease  dam 
and Cladophora on the  Marias R iv e r  i n  Montana. These dense 
mats o f  Cladophora a p p a re n t ly  p rov ide  a tremendous increase 
in  a v a i l a b i l i t y  o f  s u i t a b le  h a b i ta t s  f o r  the r i f f l e  bee t les  as 
karge numbers (up to  2250 in d i v id u a ls /m ^ )  have been found 
in h a b i t i n g  the dense mats o f  f i la m e n to us  a lgae .  Open areas 
o f  small and medium cobble  a re ,  l i k e w i s e ,  in h a b i te d  by la rge  
numbers o f  Sphaerium and Physa (400 i n d i v i d u a l s /  m^).
E l l i o t t  (1967) and Hynes (1970) have shown t h a t  the re  is  
a d e f i n i t e  t rend  f o r  a d u l t s  o f  the. Ephemeroptera, P lecop te ra ,  
and T r ic h o p te ra  to  f l y  upstream f o r  the purposes o f  o v ip o s i t i o n .  
A l though t h i s  event  has not  been in v e s t ig a te d  on the Tongue 
R iv e r ,  i t  i s  a l i k e l y  occurence. However, assuming t h a t  
Lemkuhl‘ s hypotheses f o r  the temperature requ irements  o f  
diapause eggs are c o r r e c t ,  the  eggs depos i ted  in  the co ld  water  
s e c t io n  o f  the r i v e r  do not undergo s u f f i c i e n t  temperature 
f l u c t u a t i o n s  to  break d iapause. Thus, i n s e c t  la rvae  and 
nymphs, except in  the few cases mentioned p r e v io u s l y ,  do not 
occur  i n  the co ld  water  s e c t io n  and the i n s e c t  eggs in  t h i s  
area p robab ly  remain i n  diapause u n t i l  t h e i r  death.
Where the o r i g i n a l  temperature  regime is  r e -e s ta b l i s h e d
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( a t  I I I '  and downstream) the inc rease  o f  the  In s e c t  species 
i s  q u i t e  n o t i c e a b le .  Van der S cha l ie  (1973) has determined 
the tempera ture  to le ra n ce s  o f  many pulmonate s n a i l s  and in  
p a r t i c u l a r  o f  Physa g y r i n a . The animals f a i l  t o  feed and grow 
in  areas where the mean water  temperature  i s  less  than 4° C.
In a d d i t i o n ,  a l though  growth is  f a s t e r  a t  temperatures above 
240  ̂ t h i s  advantage is  o f f s e t  by g re a te r  s u r v i v a l  and
re p ro d u c t iv e  a b i l i t i e s  a t  lower temperatures than 240 C. 
A l though growth i s  p o s s ib le  a t  temperatures above 30° C . , 
none w i l l  reproduce. Thus, the physid  s n a i l s  seem to  t h r i v e  
best  i n  waters where cool temperatures e x i s t  in  the w in te r .  
These r i v e r  c o n d i t i o n s  are reproduced in  the area o f  the 
Tongue R ive r  in f lu e n c e d  by the h yp o l im n ia l  d ischa rge .  Because 
the h ig h e r  summer temperatures o f  the m idd le  r i v e r  are not 
conducive to  molluscan growth and re p ro d u c t io n  and because 
these g re a te r  temper tu re  f l u c t u a t i o n s  are conducive to proper 
in s e c t  development,  Physa and Sphaeri um are d im in ished  o r  
e l im in a te d  and the dominant i n v e r te b r a te s  are the hydropsychids 
and S t rophop te ryx  f a s c i a t a . The a lg a l  cover o f  Cladophora 
is  reduced ( th rough  inc reased g raz ing  and chemical changes) and 
Nostoc is  p resen t .
Even though d i v e r s i t y  has increased due to  a r e tu rn  to  
warm w a te r  c o n d i t i o n s  o f  thermal f l u x  and increased suspended 
and o rgan ic  m a t te r  in  the wate r  from t r i b u t a r y  and i r r i g a t i o n  
w a te r ,  the community may s t i l l  be cons idered impover ished. 
Compared to  in v e r te b r a te  communit ies in  a s i m i l a r  unipounded
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r i v e r ,  the M idd le  and Lower Ye l lowstone (N e w e l l ,  1975), the 
number o f  species o f  in v e r te b r a te s  a t  any s t a t i o n  on the Tongue 
R ive r  i s  c o n s id e ra b ly  lower than on the Ye l lowstone .  Even 
though the  environments  are s i m i l a r ,  the in f lu e n c e  o f  the 
hypo l im n ion  d ischarge  i s  s t i l l  e v id e n t .
F i n a l l y ,  as the r i v e r  nears i t s  j u n c t i o n  w i t h  the 
Yel lowstone R iv e r ,  a t h i r d  community i s  p resen t .  Increased 
t u r b i d i t y  causes the amount o f  a v a i l a b le  l i g h t  to  be reduced 
and ab ras ive  a c t io n  o f  suspended p a r t i c l e s  fo u ls  many in s e c t  
g i l l s  o r  causes a l t e r a t i o n  o f  the  s u b s t ra te  to  o th e r  than 
optimum c o n d i t io n s  (Hynes, 1970). Thus, in  the area o f  the 
lower r i v e r ,  where t u r b i d i t y  i s  h ig h ,  the b e n th ic  fauna is  
dominated by Cheumatopsyche which can take advantage o f  the 
suspended m a t te r  in  i t s  feed ing  h a b i t s .  The dominant a lga l  
form in  t h i s  area is  Nos toc .
In  o rde r  to  p lace as l i t t l e  pressure  as p o s s ib le  on the 
c o n t ro l  gates when c losed f o r  the  s i x  week r e p a i r  p e r io d ,  
the c o n t ro l  gates o f  the dam were l e f t  open over the g rea te r  
p a r t  o f  the sp r in g  and summer o f  1975 to  d ra in  the r e s e r v o i r  as 
much as p o s s ib le .  Th is  c o n t in u a l  re lease  o f  water  from the 
r e s e r v o i r  d id  no t  a l l o w  complete fo rm a t io n  o f  a hypo l imnion 
l a y e r .  Water re leased d u r ing  t h i s  p e r iod  was observed to  
have temperatures on ly  1° or  2° C. c o o le r  than a t  the mouth 
o f  the r i v e r  a t  M i les  C i t y  (see f i g u r e  V I I ) .  The re lease  o f  
water  a t  these temperatures e l im in a te d  the co ld  water  env ironment 
a ssoc ia ted  w i th  the s t r e t c h  o f  r i v e r  below the dam fo rm e r ly
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
49
FIGURE V I I
Summer Temperatures 
Tongue R iver
Graph is  cons t ru c ted  from the measured noontime temperatures 
a t  the t ime o f  sampl ing f o r  d i s t r i b u t i o n a l  samples.
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cons idered  to  be a co ld  water  s e c t io n .  The a l t e r a t i o n  o f  
community s t r u c tu r e s  can be seen in  the dendrogram ( f i g u r e  VI)  
and k i te -d ia g ra m  ( f i g u r e  IV ) .  Warming o f  t h i s  se c t io n  o f  the 
r i v e r  has a p p a re n t ly  made t h i s  s e c t io n  o f  the r i v e r  h a b i ta b le  
to  most o f  the in s e c t  species which are commonly found in  the 
upper warm water  s e c t io n .  Th is  can be seen in  the dendrogram 
where s i t e  I I I  has become more c l o s e l y  assoc ia ted  w i th  s i t e s  I 
and I I ,  No c l e a r  dominant can be d iscerned in  the " c o ld "  water  
a rea .  However, the hydropsych ids and Stenelm is  s p . ^  are 
most abundant w i th  the abundances o f  the fo rm e r ly  dominant 
Physa and Sphaeri um being co n s id e ra b ly  reduced. There are 
two p o s s ib le  e x p la n a t io n s  f o r  the new community composi t ion  
in  the  area. I f ,  as i t  has been p re v io u s ly  proposed in  t h i s  
paper,  the ideas o f  Lemkuhl (1972) are accepted and one 
assumes t h a t  a d u l t s  f l y  upstream to  la y  eggs, the change in  
thermal regime to  t h a t  o f  g re a te r  tempera ture  f l u c t u a t i o n s  
has p robab ly  a l lowed the ha tch ing  o f  diapause eggs and nymphal 
and l a r v a l  development o f  many in s e c ts  which the fo rm e r ly  
co o le r  waters would not  have a l low ed .  The presence o f  i n d i v i d u a l s  
which were o b v io u s ly  no t  f i r s t  o r  second i n s t a r  i n d i v i d u a l s  
( t h a t  i s ,  some i n d i v i d u a l s  c lo se  to  emergence) in  some samples 
p rec ludes  the above idea as being the so le  e xp la n a t io n .
Madsen, Bengtson, and Butz (1973) and Bishop and Hynes (1969) 
have shown the ev idence o f  p o s i t i v e  r h e o ta x is  in  a qu a t ic  
in s e c ts  by the upstream m ig ra t io n  o f  v i r t u a l l y  a l l  l a r v a l  and 
nymphal stages o f  a l l  the major groups o f  a q u a t ic  i n s e c t s .
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Upstream m ig ra t io n  is  q u i t e  pronounced in  the Ephemeroptera 
( p a r t i c u l a r l y  B a e t i s ) , the T r i c h o p te ra ,  the C o leop te ra ,  and the 
D ip te ra .  Thus, the presence o f  many a q u a t ic  in s e c ts  in  t h i s  
community seems to  be due to  the ha tch ing  o f  diapause eggs 
• in f luenced by thermal changes in  the se c t io n  and the upstream 
m ig ra t io n  o f  l a r v a l  and nymphal forms i n t o  an area which,  
f o r m e r l y ,  had been u n in h a b i ta b le  and acted as an apparent 
b a r r i e r  to  upstream m ig ra t io n .
The lower p a r t  o f  the r i v e r ,  as the dendrogram shows, 
i s  no longer  d iv id e d  i n t o  two d i s t i n c t  communit ies. The 
dominance and g re a t  abundance o f  the two m a y f l i e s ,  T r a v e r e l la  
a lb e r ta n a  and Rhithrogena h a g e n i , over the e n t i r e  leng th  o f  
the r i v e r  from sample p o in t  IV downstream dampens the e f f e c t  
o f  changes in  number o r  occurence o f  the r a r e r  species o f  
a q u a t ic  in s e c ts .  I t  should  be no ted ,  a d d i t i o n a l l y ,  t h a t  the 
lower p a r t  o f  the r i v e r  is  dominated a lmost e x c lu s i v e l y  by 
s h o r t - l i v e d  summer species o f  m a y f l ie s  which do not occur  in  the 
f a l l  and w in t e r  samples.
OPTIMUM STREAMFLOW CONDITIONS
The r e l a t i o n s h i p  between d i v e r s i t y ,  c u r r e n t  v e l o c i t y ,  and 
depth i s  shown i n  t a b le  I I  in  which average d i v e r s i t y  is  
presented over increments  o f  10 cm. o f  depth and 15 cm./sec .  
o f  c u r r e n t  v e l o c i t y .  A t  t h i s  r a th e r  la rg e  s c a le ,  a clumped 
d i s t r i b u t i o n  o f  h igh d i v e r s i t i e s  seems to  be e x h ib i t e d .  The 
h ig h e s t  average d i v e r s i t i e s  occur  in  an area where depth is
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TABLE I I
Average D i v e r s i t i e s  f o r  
Depth and V e lo c i t y
The f o l l o w in g  ta b le  rep resen ts  the average d i v e r s i t y  f o r  
a l l  samples t h a t  occured w i t h i n  the b lock  represented by 
the increments o f  depth and c u r r e n t  v e l o c i t y  as shown on 
the t a b le .
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0 - 1 0  1 0 - 2 0  2 0 - 3 0  3 0 - 4 0  4 0 - 5 0
0 - 15 .667 1.112 1 .405 1 .530 1.371
16 -  30 1 .348 1.218 1 .957 1.054 1.505
31 -  45 1 .628 1 .893 1 .977 1 .933 1 .845
46 - 60 1 .440 1 .721 1 .605 1.958 1 .812
61 -  75 1 .523 1.703 1.728 2.034 1.612
76 - 90 1 .652 1 .809 2.319 2.190 2.156
91-105 1.203 1 .983 2.211 1 .844 2.072
105-120 1 .386 1 .661 2.612 2.027 1.724
>120 .541 1 .802 2.131 2.301 1 .817
V = c u r re n t  v e l o c i t y  ( c m . /s e c . )  
D = depth (cm .)
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f rom 20 to  40 cm. and c u r r e n t  v e l o c i t i e s  from 75 to  120 cm./sec.  
By us ing each sample p o in t  r a th e r  than these la rg e  increments ,  
the c e n t ro id  on a more w e l l  d e f in ed  s u r face  has been determined. 
The c e n t r o i d ,  t h a t  i s ,  the p o in t  o f  maximum average d i v e r s i t y ,  
f a l l s  w i t h i n  t h i s  range a t  a p o in t  represented  by 76.2 cm./sec.  
in  c u r re n t  v e l o c i t y  and a depth o f  28.1 cm.
Table  I I I  shows d i v e r s i t y  compared w i th  tu rbu lence  (F) and 
bottom p r o f i l e  ( I ) .  A d e f ined  range on t h i s  incrementa l  
graph i s  not obvious and one can conclude t h a t  tu rbu lence  and 
bottom p r o f i l e ,  a l though  th e r  i s  indeed an optimum c o n d i t i o n ,  
do not  i n f lu e n c e  m ic r o d i s t r i b u t i o n  as much as c u r re n t  v e l o c i t y  
depth .  Using i n d i v i d u a l  sample va lues to  compute the COCD f o r  
tu rb u le n ce  and p r o f i l e ,  and F o f  ap p rox im a te ly  0.401 and an 
I o f  2,02 are determined to  rep resen t  the optimum c o n d i t io n s .  
These values correspond to  a s treaming f lo w  o f  moderate 
tu rb u le n ce  and a bottom p r o f i l e  represented by a combinat ion 
o f  smooth and angu la r  cobb le .  The COCD occur ing  in  a su b s t ra te  
area o f  smooth and angu la r  medium cobble is  supported by 
f i n d in g s  o f  Wene and W i c k l i f f e  (1940) ,  Cummins (1964),
Thorup (1964) ,  and Egglishaw (1969) who conclude t h a t  rubb le  
areas o f  r i f f l e s  are  the most p ro d u c t iv e  ares f o r  aqua t ic  
i  n s e c t s .
A f lo w  o f  76.2 cm ./sec .  and a depth o f  28.1 cm. prov ides 
an F va lue  o f  0 .459.  Thus, optimum tu rb u le n ce  c o n d i t io n s  w i l l  
be ma in ta ined  by the recommended COCD f o r  c u r r e n t  v e l o c i t y  and 
dep th .  T h e re fo re ,  m a in ta in in g  a f lo w  o f  76 cm./sec .  and
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TABLE I I I
Average D i v e r s i t i e s  f o r  
M i c r o p r o f i l e  and Turbulence
The f o l l o w in g  ta b le  rep resen ts  the average d i v e r s i t y  
f o r  a l l  samples t h a t  occured w i t h i n  the b locks  represented 
by the increments o f  m i c r o p r o f i l e  and tu rb u le n ce  as shown 
on the t a b le .
I = m i c r o p r o f i l e  index 
F = tu rb u le n ce  (Froude number)
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a depth o f  28 cm. over the  maximum amount o f  smooth and 
angu la r  medium cobble  in  a g iven r i f f l e  w i l l  tend to  m a in ta in  
the a q u a t ic  community w i th  a minimum o f  change.
F igures  V I I I ,  IX ,  and appendix t a b le  D show the graph ic  
re p re s e n ta t io n  o f  the optimum c o n d i t io n s  f o r  r e p re s e n ta t i v e  
m a y f l ie s  compared to  the COCD and the ac tu a l  values o f  these 
c e n t r o id s .  Of the species examined, Ephoron album, T ra v e re l la  
a l b e r t a n a , and Rhithrogena hageni show c e n t ro id s  which are c lose  
to  the COCD o f  c u r re n t  v e l o c i t y  and depth and have the narrowest 
range o f  to le ra n c e s .  Ranges o f  to le rances  were d ia g ra m a t i c a l l y  
produced and rounded to  in c lu d e  a t  l e a s t  80% o f  the samples 
c o n ta in in g  i n d i v i d u a l s  o f  t h a t  species being examined. Baet is  
t r i c a u d a t u s , Ephoron a lbum, and Rhithrogena hageni show these 
same s o r ts  o f  requ irements  f o r  p r o f i l e  and tu rb u le n ce .  As a 
p o t e n t i a l  i n d i c a t o r  species from the group should show these 
p a t te rn s  f o r  a l l  f o u r  v a r i a b l e s ,  T r a v e r e l l a  and Baet is  are 
e l im in a te d  from c o n s id e ra t io n .  Overlap o f  p re fe r re d  ranges 
w i t h  the range o f  maximum d i v e r s i t y  i s  good in  both Ephoron 
and R h i th rogena . However, B r i t t  (1962) in d ic a te s  t h a t  su b s t ra te  
pre fe rences o f  Ephoron may be o f  a g r e a te r  v a r i e t y  than my data 
would i n d i c a t e .  In  a d d i t i o n ,  Ephoron is  a s h o r t - l i v e d  
summer species and would be a v a l i d  i n d i c a t o r  f o r  on ly  th ree  
months o u t  o f  a g iven  ye a r .  Rhi th ro g e n a , on the o the r  hand, 
occurs in  the nymphal stage d u r ing  the e n t i r e  year  and as such 
would be l i k e l y  to  appear in  any b e n th ic  sample taken which 
m igh t  be used to  t e s t  f o r  the presence o f  adequate s t reamf low
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FIGURE V I I I
Optimum Depth and C urren t  V e lo c i t i e s  
Ephemeroptera
( J ) -  Ephoron album 
(£ ) -  B ae t is  t r i c a u d a tu s  
( 2 ) -  Bae t is  a lexa n de r i  
( ^ -  Ephemerella m arg a r i ta  
( ^ -  Ephemerella h y s t r i x
( ^ -  T r ico ry th o d e s  minutus 
(7) -  Choroterpes a lb ia n n u la ta  
( ^ -  T ravere l  la  a lbe r tana  
( £ ) -  Stenonema rees i  
(Ô ) - Rhithrogena hageni
# -  COCD
S o l id  l i n e s  are the ranges o f  to le ran ce s  o f  species 1 ,4 ,  
and 8 . Dotted l i n e  f o r  7. Dashed l i n e s  f o r  2 ,5 ,  and 9. 
A l t e r n a t i n g  d o t te d  and dashed l i n e s  f o r  3 ,6 ,  and 10.
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FIGURE IX
Optimum Turbu lence and M ic r o p r o f i l e  
Ephemeroptera
ITi- Ephoron album T r ico ry th o d e s  minutus
i 2 ) -  Baet is  t r i c a u d a tu s © ■ Choroterpes a lb ia n n u la ta
-  Baet is  a lexa n de r i T r a v e r e l l a  a lbe r tan a
T  ; -  Ephemerella m a rg a r i ta Stenonema rees i
,5 ' i -  Ephemerella h y s t r i x (1 0 - Rhithrogena hageni
#  - COCD
S o l id  l i n e s  are the ranges o f  to le ra n ce s  o f  species 1, 
4,  and 8 . Dotted l i n e  f o r  7. Dashed l i n e s  f o r  2 ,5 ,  and 9. 
A l t e r n a t i n g  d o t te d  and dashed l i n e s  f o r  3 ,6 ,  and 10.
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c o n d i t i o n s .  In a d d i t i o n ,  the a d a p ta t io n  o f  Rhi throgena 
to  s w i f t  waters ( the  d o r s o - v e n t r a l l y  f l a t t e n e d  body w i th  g i l l s  
be ing m o d i f ied  to  form a h o l d - f a s t  f o r  f r e e  movement on the 
upper sur faces  o f  rocks in  the face o f  the s t ro n g e s t  c u r re n ts )  
as shown by Dodds and Hisaw (1925) ,  P e rc iv a l  and Whitehead (1929),  
L induska (1942) ,  N ie lsen  (1950) ,  and Hynes (1970) ,  in d ic a te s  
t h a t  Rhi throgena would be the bes t  m ay f ly  i n d i c a t o r  not on ly  
o f  good c u r re n t  v e l o c i t y  and depth c o n d i t io n s  bu t  o f  good smooth 
and angu la r  cobble  s u b s t ra te .
F igures X and XI and appendix t a b le  D show the graphs o f  
s t o n e f l y  c e n t ro id s  and COCD's as w e l l  as t h e i r  corresponding 
va lues .  The c e n t ro id s  f o r  the species examined a l l  l i e  w e l l  
o u ts id e  the range o f  h ig h e s t  average d i v e r s i t i e s  f o r  c u r re n t  
v e l o c i t y  and depth w i th  the excep t ion  o f  Acroneur ia  abnorm is . 
Subs t ra te  p re fe rence  o f  Acroneur ia  a ls o  seems to  be c lose  to  
t h a t  COCD. However, the o v e r a l l  range o f  h a b i ta b le  v e l o c i t i e s  
and depths make Acroneur ia  a r e l a t i v e l y  in s e n s a t iv e  i n d i c a t o r  
s p e c ie s .
F igures  X I I  and X I I I  show the r e l a t i o n s h i p  o f  the on ly  
d r a g o n f l y  s e le c te d ,  Ophiogomphus m o r r i s o n i , to  the COCD's.
The optimum va lues o f  72.8 c m . /s e c . ,  28.4 cm. dep th ,  p r o f i l e  
o f  2 .2 and F o f  .376 makes Ophiogomphus a good p o t e n t i a l  
i n d i c a t o r  spec ies .  Th is  i s  enhanced by the f a c t  t h a t  the 
nymph matures in  two years (Needham and W e s t f a l l ,  1955) 
a ssu r in g  i t s  presence in  the community a t  a l l  t imes o f  the 
y e a r .  However, i t s  r a th e r  small abundance compared to  o th e r
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
68
FIGURE X
Optimum Depths and C u r ren t  V e lo c i t i e s  
P lecoptera
; T ) -  S t rophop te ryx  f a s c ia t a  
2^ -  P a ra le u c t ra  sara 
{'T)- Capnia l ima ta 
(à y  Isogenoides f r o n t a l i s  
(5j)- Acroneur ia  abnormis
# -  COCO
S o l id  l i n e s  are the ranges o f  to le ra n ce s  o f  species 
1 and 4. Dashed l i n e s  f o r  2 and 5. A l t e r n a t i n g  do t te d  and 
dashed l i n e s  f o r  3.
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FIGURE XI
Optimum Turbulence and M i c r o p r o f i l e  
P lecoptera
iT )- S t rophop te ryx  f a s c ia t a  
(2J- P a ra le u c t ra  sara 
3 ) -  Capnia l im a ta  
: '4)-  Isogenoides f r o n t a l i s  
5^)- Acroneur ia  abnormis
e -  cocD
S o l id  l i n e s  are the ranges o f  to le ra nce s  o f  species 
1 and 4. Dashed l i n e s  f o r  2 and 5. A l t e r n a t i n g  do t ted  and 
dashed l i n e s  f o r  3.
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FIGURE X I I
Optimum Depth and Curren t  V e lo c i t y  
Odonata
T ) -  Ophiogomphus m orr iso n i
# -  COCD
S o l id  l i n e  i s  the range o f  to le rances  o f  species 1
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FIGURE X I I I
Optimum Turbulence and M ic r o p r o f i l e
Odonata
Ophiogomphus m o rr iso n i
e -  COCD
S o l id  l i n e  i s  the range o f  to le rances  o f  species 1
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species (o n ly  1 to  2% o f  a sample o f  350 I n d i v i d u a l s )  in d ic a te s  
t h a t  th e re  would be a r e l a t i v e l y  good chance o f  no t  c a p tu r in g  
an i n d i v i d u a l  when t e s t i n g  f o r  the presence o f  Ophiogomphus 
as an i n d i c a t o r  spec ies .
The in -s t re a m  preferences o f  the T r ic h o p te ra  are shown 
in  f i g u r e s  XIV, XV, and appendix ta b le  D. With regards to  
c u r r e n t  v e l o c i t y  and dep th ,  the T r ic h o p te ra  e x h i b i t  a wide 
range o f  to le ra n ce s  w i th  most c e n t ro id s  being r e l a t i v e l y  c lose 
to  the COCD. The ranges o f  to le ra nce s  tend to  ove r lap  the 
area o f  maximum d i v e r s i t y  to  o n ly  a small degree w i th  the 
m a jo r i t y  o f  the  to le ra n c e  ranges in  lower d i v e r s i t y  areas.
Thus, the T r ic h o p te ra  species would not  be sensa t ive  i n d i c a t o r s  
o f  minimum f lo w  s tandards .  Subs t ra te  prefe rences o f  the 
T r ic h o p te ra  species are q u i t e  v a r ia b le  and are increased when 
considered in  combinat ion  w i th  optimum tu rb u le n ce  c o n d i t i o n s .  
Al though the species p r e fe r  medium cobb les ,  the net  sp inners  
tend to  fa v o r  angu la r  cobble areas and the case b u i ld e rs  
p r e f e r  smooth cobble a reas ,  p robab ly  f o r  e a s ie r  a t tachment o f  
cases and maximum exposure to  the c u r r e n t  f o r  feed ing  purposes. 
The ranges o f  to le ra n c e  a l l  o ve r lap  w i th  the COCD q u i te  w e l l ,  
however,  the l i m i t s  are  n o t  narrow. Status as an i n d i c a t o r  
species is  r e je c te d .
Rhaqovelia s p .> the on ly  hemipteran examined, is  p r i m a r i l y  
a s ta nd ing  water  form. Optima c e n t ro id s  are shown in  f i g u re s  
XVI and X V I I .  Rhaqovelia p re fe rs  an area o f  slow c u r re n t  
v e l o c i t y  (most i n d i v i d u a l s  were found a t  v e l o c i t i e s  less than
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FIGURE XIV
Optimum Depth and Curren t  V e lo c i t y  
T r ic h o p te ra
n  ) -  H y d ro p t i l a  sp. Hydropsyche sp. b
( 2 ) -  Cheumatopsyche spp. (T^- Hydropsyche sp. c
('T)- Hydropsyche b i f i d a  (8) -  Brachycentrus americanus
i 4 ) -  Hydropsyche o cc id e n ta l  i s  (9^-  L e p to c e l la  sp.
Hydropsyche sp. a A th r ipsodes  sp.
# -  COCD
S o l id  l i n e s  are the ranges o f  to le ra n ce s  o f  species
1 ,4 ,  and 7. Dotted l i n e s  f o r  10. A l t e r n a t i n g  dashed and 
d o t te d  l i n e s  f o r  3 ,6 ,  and 9. Dashed l i n e s  f o r  2 ,5 ,  and 8 .
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FIGURE XV
Optimum Turbulence and M ic ro p ro f i le  
T r i  choptera
' f ) -  H yd rop t i la  sp. (T)-  Hydropsyche sp. b
I C h e u m a t o p s y c h e  spp. CT)- Hydropscyeh sp. c
rS )-  Hydropsyche b i f i d a  f 8^ -  Brachycentrus americanus
f4 ) -  Hydropsyche occ identa l  is  (T ) -  Lep toce l la  sp.
5 V  Hydrospyche sp. a Athr ipsodes sp.
# -  COCD
Sol id  l i n e s  are the ranges o f  to lerances o f  species
1 ,4 ,  and 7. Dotted l i n e  f o r  10. A l te rn a t in g  dashed and 
dot ted l in e s  f o r  3 ,6 ,  and 9. Dashed l in e s  f o r  2 ,5 ,  and 8 .
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FIGURE XVI
Optimum Depth and Current V e lo c i ty  
Hemi ptera
r f ) -  Rhagovelia sp.
COCD
So l id  l i n e  is  the range o f  to le rances o f  species 1
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FIGURE XVII
Optimum Turbulence and M ic ro p r o f l ie  
Hemiptera
(T)-  Rhagovelia sp.
# -  COCD
Sol id  l i n e  is  the range o f  to le rances o f  species 1
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15 cm ./sec . )  w i th  deeper water over an angular cobbled surface. 
This combinat ion o f  fa c to rs  a l lows the c rea t ion  o f  a smooth 
surface water c o n d i t io n  which is  the optimum fo r  the "water 
s t r i d e r ."
The Coleoptera show the same wide range o f  to lerances 
as e xh ib i te d  by the Tr ichoptera  ( f ig u re s  X V I I I ,  XIX, and appendix 
ta b le  D). Even though the ranges overlap the area o f  maximum 
d i v e r s i t y  to a g rea te r  degree than the T r ichop te ra ,  the wide 
range o f  to lerances would reduce the s e n s i t i v i t y  o f  the r i f f l e  
beet les as in d ic a to r  species.
The Dip tera  examined y i e l d  another p o te n t ia l  in d ic a to r  
species ( f ig u re s  XX, XXI, and appendix tab le  D). Simulium sp . 
has a range o f  v e lo c i t y  and depth to lerances which overlap 
wel l  w i th  the area o f  maximum d i v e r s i t y  as wel l  as a cen tro id  
which i s  close to  the COCD. In a d d i t i o n ,  a subs tra te  index o f  
2.23 w i l l  in d ic a te  presence o f  the optimum substra te  p r o f i l e  
as w e l l .  N ie lsen (1950) and Hynes (1970) have a lso pointed 
out the adapt ive s t ru c tu re s  which Simuliurn employs in  i t s  
t o r r e n t i a l  h a b i ta t .  The requirements o f  Metriocnemus sp . 
are s im i l a r  to  Simuliurn, but the range o f  to lerances of  cu r ren t  
v e lo c i t y  and depth do not over lap w i th  the maximum d i v e r s i t y  
area as wel 1 .
The mol luscs,  Physa gyr ina  and Sphaerium s i m i l e , are 
examined in  f ig u re s  XX I I ,  X X I I I ,  and appendix ta b le  D. Both 
Physa and Sphaerium have cen tro ids  in d ic a t in g  a preference 
f o r  areas o f  cons iderab ly  h igher cu r re n t  v e lo c i t y  as well as
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FIGURE XVII I
Optimum Depth and Current V e loc i ty  
Coleoptera
{']')- Stenelmis sp. a (a d u l t )
i'2̂ -  Stenelmis sp. b (a du l t )
( ^ -  Stenelmis sp. a ( la rvae )
(4 )- Stenelmis sp. b ( la rvae )
Dubiraphia sp. ( la rvae )
COCD
Sol id  l in e s  are the ranges o f  to lerances o f  species 
1 and 3. Dashed l in e s  f o r  2 and 4. A l te rn a t in g  dashed and 
dot ted l in e s  f o r  5.
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FIGURE XIX
Optimum Turbulence and M ic ro p ro f i le  
Coleoptera
( j V  S te ne 1 mis sp. a (a d u l t )
( ^ -  Stenelmis sp. b (a d u l t )
Stenelmis sp. a ( la rvae )
^ ) -  Stenelmis sp. b ( la rvae )
(Q)- Dubiraphis sp . ( la rvae)
# -  COCO
Sol id  l in e s  are the ranges o f  to lerances o f  species 
1 and 3. Dashed l in es  f o r  2 and 4. A l te rn a t in g  dashed 
and dotted l in e s  f o r  5.
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FIGURE XX
Optimum Depth and Current V e lo c i ty  
Dip tera
( T)- S i mu 11 um s p .
("2)-  Metriocnemus sp.
e -  GOOD
Sol id  l i n e  is  the range o f  to lerances o f  pecies 1 
Dashed l i n e  is  f o r  species 2.
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FIGURE XXI
Optimum Turbulence and M ic ro p r o f i le  
Di ptera
( T j -  Simulium sp.
(F )- Metriocnemus sp.
e -  COCD
So l id  l i n e  is  the range o f  to lerances o f  species 1 
Dashed l i n e  is  f o r  species 2.
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FIGURE XXII
Optimum Depth and Current V e lo c i ty  
Mollusca
( j J -  Sphaerium s im i le  
Physa gyr ina
# -  COCD
So l id  l i n e  i s  the range o f  to lerances o f  species 1 
Dashed l i n e  is  f o r  species 2.
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FIGURE XXII I  
Optimum Turbulence and M ic ro p ro f i le  
Mollusca
(T)- Sphaerium s im i le  
f'T y  Physa gyr ina
# -  COCD
Sol id  l i n e  is  the range o f  to lerances o f  species 1 
Dashed l i n e  is f o r  species 2.
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depth than the COCD. The ranges o f  to lerances do inc lude 
the COCD and the animals would be able to  su rv ive  a t  the 
recommended f lows o f  76 cm./sec.  and a depth o f  28 cm.
Substra te  preferences seem to be toward smooth cobbled 
sur faces.  The smooth cobble surfaces and h igher turbulence 
preferences o f  Sphaerium and Physa may enhance the feeding 
a b i l i t i e s  o f  these molluscs.
Dugesia t i g r i n a , the T u rb e l la r ia n  examined, is  another 
slow water form as i t s  preferences would in d ic a te  ( f ig u re s  
XXIV and XXV), Dugesia has a preference f o r  smooth substrates 
and low turbu lence perhaps as an a id  in  i t s  locomotion.
Rhithrogena hageni and Simulium sp . seem to be the two 
best i n d ic a to r  species. Simulium has the added advantage 
o f  occuring in  the warm and co ld  water sect ions a t  a l l  times 
o f  the year.  The presence o f  one or  both o f  these in d ic a to r  
species in  a benth ic  sample taken in  a r i f f l e  o f  medium cobbled 
subs tra te  would in d ic a te  th a t  adequate streamflow parameters 
to  preserve the present in v e r te b ra te  community are being 
mai n ta i  ned.
In a d d i t i o n ,  the requirements o f  the benth ic  macro­
in v e r te b ra te s ,  as they have been presented, can be compared 
w i th  hydro log ie  c ross -sec t io na l  maps, s im i la r  to those of  
Bovee (1975b), and one can p re d ic t  the composi t ion o f  the 
community a t  a given discharge a t  a p a r t i c u la r  place across 
the w id th  o f  the channel.
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FIGURE XXIV 
Optimum Depth and Current V e lo c i ty  
T u rb e l la r ia
(f")- Dugesia t i g r i n a
e -  COCD
Solid  l i n e  is  the range o f  to lerances o f  species 1
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FIGURE XXV
Optimum Turbulence and M ic ro p r o f i le  
T u rb e l la r ia
(1 j-  Dugesia t i g r i n a
# -  COCD
Sol id  l i n e  is  the range o f  to lerances o f  species 1
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EFFECT OF MASSIVE FLOW REDUCTION
The causes o f  d r i f t  in  aquat ic  organisms have been 
e x te n s ive ly  examined.
Diurnal p e r i o d i c i t y  o f  d r i f t  o f  the m ayf ly ,  Baetis 
vagans, has been c lo s e ly  examined by Waters (1962). During 
d a y l ig h t  hours, the number o f  in d iv id u a ls  d r i f t i n g  in to  the 
nets is  f a i r l y  low. However, during the n igh t  hours, d r i f t  
increases to  a leve l  ten times th a t  o f  daytime d r i f t .
Waters (1965, 1966) concluded th a t  d r i f t  was due to excessive 
p roduc t ion .  That i s ,  d r i f t  is  d en s i ty  dependent. Increase 
in dens i ty  causes the displacement o f  sma l le r  in d iv id u a ls  
in to  high cu r re n t  v e lo c i t y  areas and causes them to enter 
the downstream d r i f t  in  search of  less dense areas to  in h a b i t .
In Waters' (1972) recent review o f  the d r i f t  o f  stream in se c ts ,  
the e f f e c t  o f  l i g h t  on behavior pa t te rns  is  a lso  suggested 
as a reason fo r  d r i f t .
Hughes (1966a, b) has ind ica ted  th a t  some mayfly 
nymphs, p a r t i c u l a r l y  B a e t is , o r i e n t  themselves in  streams 
by the presence o f  the sun (o r  any b r ig h t  l i g h t )  on t h e i r  
dorsal s ides.  The absence o f  t h i s  dorsal l i g h t  cue causes 
d i s o r ie n ta t i o n  and und irected movement which tends to  add 
more in d iv id u a ls  to the d r i f t .
E l l i o t t  (1967) ind ica te s  th a t  photoperiod has a ro le  
in  causing d iu rna l  p e r i o d i c i t y  in  d r i f t .  Those in d iv id u a ls  
occur ing  most in  the d r i f t  are n ig h t  a c t i v e .  Being negat ive ly  
p h o to ta x ic , the absence o f  s u n l ig h t  induces fo rag ing  behavior
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in  n ig h t  a c t iv e  nymphs and la rvae.  Movement from under rocks 
to the surfaces o f  rocks not on ly  increases the dens i ty  o f  
the in d iv id u a ls  exposed to  d i r e c t  cu r ren t  but increases 
com pet i t ion  f o r  a v a i la b le  space and food on these rock 
su r faces .  This g rea te r  compet i t ion  f o r  a v a i la b le  resources 
r e s u l t s  in  g rea te r  displacement o f  in d iv id u a ls  and t h e i r  
a d d i t io n  to  the d r i f t .
Bishop and Hynes (1969) fee l  th a t  compet i t ive  
in te ra c t io n s  p lay a minor ro le  in  the amount o f  d r i f t  and 
th a t  d isplacement to  less than optimum areas,  due to  increased 
dens i ty  during n ig h t  fo ra g in g ,  is  the pr imary cause o f  d r i f t .  
They do p o in t  out the ro le  o f  l i g h t  as a f a c to r  in  t h e i r  
re p o r t  o f  depressed d r i f t  during periods o f  moon l i g h t ,  as 
had been p rev ious ly  reported by Anderson (1966).
M inshal l  and Winger (1968) have shown th a t  a sudden 
reduc t ion  in  stream f low  (o r  d ischarge) w i l l  r e s u l t  in  an 
increase in  in ve r te b ra te  d r i f t .  This reduct ion  in  discharge 
a f f e c t s  a l l  benth ic  macro inver tebra tes.  The main cause o f  
t h i s  increased d r i f t  is  response to changes to o ther  than 
optimum cond i t ions  o f  v e lo c i t y  and depth. I f  the streamflow 
reduc t ion  is  s u f f i c i e n t l y  ra p id ,  normal avoidance response 
to l i g h t  w i l l  not occur and d r i f t  w i l l  increase during 
d a y l ig h t  hours as w e l l .
Pearson and F rank l in  (1968) fee l  th a t  water leve l  
f l u c tu a t io n s  a f f e c t  d r i f t  by a l t e r i n g  the popu la t ion  dens i ty
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a t  any given p o in t  and by a f f e c t in g  the amount o f  l i g h t  
pene t ra t ing  to  the subs t ra te .
Lemkuhl and Anderson (1972) agree with  previous statements 
th a t  volume o f  f low  and m ic r o d is t r ib u t io n  are the primary 
and i n t e r - r e l a t e d  causes o f  d r i f t  in  aquat ic  ecosystems.
However, they fee l  th a t  d r i f t  is  a species s p e c i f i c  response 
and th a t  gen e ra l iza t io ns  about d r i f t  o f  a l l  insec ts  can not 
be assumed based on the in f rom at ion  on d r i f t  o f  a few represen ta t ive  
spec ies .
As can be seen by f igu res  XXVI through XXX, d r i f t  o f  stream 
in ve r teb ra tes  in  the Tongue River does e x h ib i t  a d iu rna l  
p e r i o d i c i t y .  Of p a r t i c u la r  i n t e r e s t  is  the f a c t  th a t  the n ig h t  
samples, in  a d d i t io n  to con ta in ing  increased numbers o f  
m a y f l ie s ,  has as i t s  main component la rge  numbers o f  standing 
water forms, e s p e c ia l l y  the hemipteran Graptocor ixa and the 
coleopterans Gyrus and D y t is c a . This d iu rna l  p e r i o d i c i t y  o f  
Hemiptera and Coleoptera is  p rev ious ly  unreported. Solar cues 
f o r  o r i e n ta t i o n  and fo rag ing may also play a g rea t  ro le  in 
maintenance o f  p o s i t io n  in  s t i l l  water along the edges o f  the 
r i v e r .  Removal o f  s o la r  cues may cause movement in to  running 
water and a d d i t io n  to  the d r i f t .  D r i f t  increased d ram a t ica l ly  
a f t e r  reduc t ion  o f  the leve l  o f  the r i v e r  by 3 cm., represent ing 
a change in  discharge from 190 c . f . s .  (5.38 m^/sec.) to 
approx iamte ly  130 c . f . s .  (3.68 m ^ /sec . ) .  Although a d iu rna l  
per iod was maintained as the r i v e r  leve l  dropped (approximately  
3 cm./day dur ing the sampling p e r io d ) ,  the pa t te rn  is  on an
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FIGURE XXVI
D r i f t  During the Period of  
Massive Flow Reduction
A l l  Inve r teb ra tes
Dam c losure o f  October 30, 1975.
Sampling begins on October 31, 1975, and ends on 
November 4, 1975.
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FIGURE XXVII
D r i f t  During the Period o f  
Massive Flow Reduction
Ephemeroptera
Dam closure o f  October 30, 1975.
Sampling begins on October 31, 1975, and ends on 
November 4, 1975.
Dashed l i n e  ind ica tes  c o n t r ib u t io n  o f  Rhi throgena 
hageni to t o ta l  d r i f t .
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FIGURE XXVIII
D r i f t  During the Period o f  
Massive Flow Reduction
Plecoptera.
Dam c losure  o f  October 30, 1975.
Sampling begins on October 31, 1975, and ends on 
November 4, 1975.
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FIGURE XXIX
D r i f t  During the Period o f  
Massive Flow Reduction
Hemi ptera
Dam c losure o f  October 30, 1975.
Sampling begins on October 31, 1975, and ends on 
November 4, 1975.
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FIGURE XXX
D r i f t  During the Period o f  
Massive Flow Reduction
Coleoptera
Dam closure o f  October 30, 1975.
Sampling begins on October 31, 1975, and ends on 
November 4, 1975.
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e levated sca le .  Greater numbers appear to  be d r i f t i n g  
dur ing the day as well  w i th  massive d r i f t  occuring during 
the n ig h t  hours. The constant drop in  water leve l  was 
apparen t ly  not sudden enough to  cause massive daytime 
d r i f t .  However, i t  probably caused considerable  la te r a l  
movement w i th  narrowing stream w id th .  La te ra l  movement 
may cause an increase in  dens i ty  o f  inve r teb ra tes  in  a 
given area which would be e xh ib i ted  by increased d r i f t  
dur ing the day and e s p e c ia l l y  a t  n ig h t  when fo rag ing  
takes place. Displacement o f  in d iv id u a ls  to  less than 
optimum fo rag ing  areas and depth and v e lo c i t y  cond i t ions  
would be cons iderab ly  h igher than under normal circumstances.
The f a c t  t h a t  massive d r i f t  began to  occur when stream
3
discharge was reduced to  between 130 c . f . s .  (3.63 m /sec) 
and 110 c . f . s .  (3.12 m^/sec.)  ind ica tes  th a t  minimum 
d ischarge,  to  main ta in  optimum streamflow requirements f o r  
the benth ic  community, has been reached. Thus, on the 
basis o f  d r i f t  in fo rm a t io n ,  i t  would be appropr ia te  to 
recommend th a t  a discharge o f  130 c . f . s .  (3.68 m^/sec.)  be 
maintained as a minimum in  the channel o f  the Tongue River .
The presence o f  young-o f - the -yea r  o f  the stonecat 
(Noturus f l a v u s ) ,  which has been recommended by Bovee (1975a,b) 
as an in d i c a to r  f i s h  species,  in  the samples from hours 
0000 to  0400 on the n igh ts  o f  November 3 and November 4 
in d ica te s  the probable a t ta inment o f  minimum discharge f o r  
maintenance o f  the f i s h  community as w e l l .
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The f a c t  th a t  the p o s i t i v e  pho to tax is  o f  Rhithrogena 
(as noted by E l l i o t t ,  1967) has been overcome and th a t  t h i s  
species also increased in  d r i f t  samples a f t e r  130 c . f . s .
(3.68 m^/sec.)  f low  had been reached supports the evidence th a t  
Rhithrogena would be a good in d ic a to r  species.
A community assoc ia t ion  dendrogram and abundance k i t e  
diagram are presented in  f ig u re s  XXXI and XXXII. The dendrogram 
in d ica tes  t h a t ,  as a r e s u l t  o f  the massive dewatering o f  the 
Tongue R ive r ,  although two d i s t i n c t  communities remain, the 
a ssoc ia t ion  ( s i m i l a r i t y )  between communities has increased 
and approaches homogeneity over the length o f  the r i v e r .  The 
d i s t r i b u t i o n  o f  the organisms in  comparison w i th  previous 
f a l l  samples (see f i g u r e  I I I )  has been d ra m a t ic a l ly  changed.
The o ve ra l l  e f f e c t  has been to d isp lace  many o f  the species 
downstream a d is tance o f  25 to  75 miles (40.2 to  120.7 km.)
( th a t  i s ,  1 to 3 sampling s t a t i o n s ) .  In o the r  species, 
the reduc t ion  has had the e f f e c t  o f  increas ing  the range o f  
the species over the length o f  the r i v e r  (some allowance must 
be made f o r  the f a c t  t h a t  appearance o f  aquat ic  insects  in  
the cold  water area is  not a r e s u l t  o f  the dewatering but 
the warming o f  the co ld  water area th a t  has been p rev ious ly  
desc r ibed) .  As re p re sen ta t ive  examples, Rhithrogena hageni 
had i t s  downstream l i m i t  extended from s ta t io n  VI to  V I I ,  
Para leuctra  sara has been d isp laced downstream th ree s ta t io n s ,  
Capnia l imata  was on ly  found a t  V ra th e r  than a t  I I I  and IV, 
the downstream l i m i t  o f  Isogenoides f r o n t a l i s  was extended
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to  the mouth o f  the r i v e r ,  Catac lysta  was moved from s ta t io n
I I I  to  s ta t io n  V I I ,  and Metrlocnemus Increased I t s  d i s t r i b u t i o n
over the length o f  the r i v e r .  Dugesla t i g r l n a  Is now the 
dominant In d iv id u a l  In the co ld  water sec t ion  o f  the r i v e r .
The molluscs are cons iderab ly  reduced poss ib ly  r e f l e c t i n g  the 
concen tra t ion  o f  Dugesla, a mollusc p reda to r ,  and the I n a b i l i t y  
o f  rap id  la t e r a l  m ig ra t ion  to  remain In the running water 
areas. No dominant In the middle sec t ion  o f  the r i v e r  Is 
apparent,  however, Rhithrogena and Strophopteryx are q u i te  
abundant. In the lower r i v e r ,  the overwhelming dominant Is 
Ephemerella. The decrease In  cu r re n t  v e lo c i t y  has probably 
reduced the numbers o f  the former dominant Cheumatopsyche 
because o f  devreased t u r b i d i t y  ( less  suspended food m a te r ia l )  
and less than optimum co nd i t ions  o f  c u r re n t  v e lo c i t y  f o r  the 
proper c o ns t ru c t io n  o f  I t s  t ra p  nets .
Comparison o f  appendix tab les  F and A Ind ica te  th a t
d e n s i t ie s  o f  the samples have Increased to a considerable  
degree. Most samples taken dur ing the c losure  per iod show 
dens i ty  Increases to be th re e fo ld  o r  more. Since I t  was 
Impossible to  ob ta in  d r i f t  samples due to n ig h t l y  format ion 
o f  anchor Ice and f r a z i l  I ce ,  I t  Is not known I f  d r i f t  
pa t te rns  had re turned to t h e i r  normal d iu rna l  pa t te rns .
Thus, a maximum macro inver tebra te  dens i ty  can not be est imated. 
However, one can assume, since the w id th  o f  the r i v e r  was 
reduced to 7 meters from an average width o f  30 meters, th a t  
o v e ra l l  numbers o f  Inve r teb ra tes  In the r i v e r  have a lso been
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FIGURE XXXI
Assoc ia t ion  Dendrogram 
F a l l -W in te r  Community 
A f t e r  Massive Flow Reduction
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FIGURE XXXII
D i s t r i b u t i o n  and Re la t ive  Abundance 
Macroi nvertebra tes 
A f t e r  Massive Flow Reduction
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I II  i l l  I V  V  V I  V I I
Choroterpes a lb iannu la ta  
Baet is  t r icauda tus
Baet is  a lexanderi
Tr icory thodes minutus
Rhithrogena hageni
Ephemerella margar i ta
Stenonema reesi
Ophiogomphus morr isoni  
Arg ia  v iv id a
Strophopteryx fa s c ia ta
Para leuctra  sara
Capnia l imata
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I l  I I I IV V I  V I I
Isogenoides f r o n t a l i s
Acroneuria abnormis 
Catac lys ta  sp.
H yd rop t i la  sp. 
Cheumatopsyche sp.
Hydropsyche b i f i d a
Hydropsyche sp. a
Hydropsyche occ iden ta l  is
Hydropsyche sp. b
Hydropsyche sp. c
Brachycentrus americanus 
Athr ipsodes sp. 
L ep toce l la  sp.
Stenelmis sp. a
Stenelmis sp. b
Dubiraphia sp.
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Simulium sp.
1 II I II IV V V I V II
Metrlocnemus sp. 
A th e r ix  sp.
Physa gyr ina
Pis id ium compressum
Lampsi l is  ra d ia ta  
( s i  1iquoidea)
Dugesia t i g r i n a
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reduced due to  increased d r i f t  and a decrease in  hab i tab le  
subs t ra te  surface area.
Reclamation o f  the r i v e r  to i t s  p re -c losure  community 
s t r u c tu r e  may take several years .  I f  one assumes th a t  
upstream f l i g h t  o f  adu l ts  and upstream m ig ra t ion  o f  nymphs 
and larvae do occur in  the Tongue R ive r ,  rec lamat ion o f  the 
r i v e r  by the reduced popula t ions p resen t ly  in  the r i v e r  
i s  poss ib le .
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CHAPTER V 
SUMMARY
Baseline in fo rm a t ion  on the d i s t r i b u t i o n  and r e l a t i v e  
abundance o f  the macro invertebrates in  the Tongue River has 
been provided. The f a l l - w i n t e r  fauna cons is ts  o f  three 
d i s t i n c t  communities. The upper sec t ion  o f  the r i v e r ,  
in f luenced by hypo l imnia l  d ischarge,  is  considered to  be a 
co ld  water sec t ion .  The molluscs Physa and Sphaerium dominate 
t h i s  area as most Insec t  forms are undable to  develop 
p rope r ly  due to  the constancy o f  temperatures. Greater 
f l u c tu a t io n s  in  water temperature are necessary to  induce 
proper growth and emergence o f  most aquat ic  in sec ts .  The 
middle r i v e r  re tu rns  to  warm water temperatures and the 
insec t  species are increased markedly. In t h i s  upper 
warm water se c t io n ,  the dominants are Strophopteryx and the 
hydropsych ids. The lower r i v e r ,  where t u r b i d i t y  has 
increased and subs t ra te  a l t e r e d ,  is  dominated by Cheumatopsyche. 
The summer fauna, in  the warm water area, i s  dominated by 
s h o r t - l i v e d  mayfly specie. The co ld  water sec t ion  was invaded 
by many insec t  forms due to  warming o f  t h i s  sec t ion  when no 
hypolimnion was formed in  the r e s e rv o i r .  No p a r t i c u la r  
dominant is  n o t iceab le .  This basic in fo rm at ion  on the insects  
and o the r  in ve r teb ra tes  in  the r i v e r  w i l l  provide comparison 
in fo rm a t io n  to check the e f fe c ts  o f  dewaterin o f  the Tongue 
R iver  as a r e s u l t  o f  demands by many energy producing f a c i l i t i e s  
in  the area.
134
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Optimum streamflow cond i t ions  have been determined 
f o r  most o f  the common macro invertebrates in  the r i v e r .
The optimum cond i t ions  f o r  h ighest average d i v e r s i t y  are a t  
a depth o f  28,1 cm., c u r re n t  v e lo c i t y  o f  76.2 cm ./sec . ,  
moderate tu rbu lence ,  and a subs tra te  o f  medium cobble. 
Depending on the cross sec t ion  o f  the r i v e r  th a t  is  being 
examined, these va r ia b les  equate to  about 150 c . f . s .  to 
250 c . f . s .  Maintenance o f  these cond i t ions  assures minimum 
change in  the benth ic  community. The optimum cond i t ions  o f  
Rhi throgena hageni and Simuliurn c lo s e ly  match those o f  h ighest 
average d i v e r s i t y .  Since t h e i r  ranges o f  to lerances to 
the va r iab les  examined are q u i te  narrow, Rhi throgena and 
Simulim have been chosen as i n d ic a to r  species. Presence o f  
e i t h e r  o f  these two forms in  subsequent benth ic  samples w i l l  
i n d ic a te  adequate streamflow co n d i t io n s .
Results o f  d r i f t  and d i s t r i b u t i o n a l  samples a f t e r  c losure  
o f  the Tongue River dam f o r  repa i rs  shows th a t  massive d r i f t  
o f  a l l  inve r teb ra tes  begins a t  a discharge o f  130 c . f . s .
O
(3.68 m / s e c . ) .  Community composit ion was r a d i c a l l y  a l te re d .  
The i n a b i l i t y  o f  the molluscs o f  l a t e r a l  movement to  remain 
in  the streamflow has caused the reduct ion  in  t h e i r  dominance 
and the dominance o f  Dugesia t i g r i n a  in  the co ld water sec t ion  
o f  the r i v e r .  In a d d i t i o n ,  the d i s t r i b u t i o n  o f  stream 
in ve r te b ra te s  in  the o ther  areas o f  the r i v e r  was considerab ly  
changed. Most forms, as a r e s u l t  o f  t h e i r  d r i f t ,  were
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d isp laced a cons iderab le  d is tance from t h e i r  former pos i t ions  
in  the r i v e r  o r  have had t h e i r  ranges extended downstream.
As a r e s u l t  o f  t h i s  in v e s t ig a t io n ,  130 c . f . s .  (3.68 m^/sec.) 
is  the recommended minimum discharge which w i l l  mainta in  the 
aquat ic  macro inver tebrate  community a t  i t s  present composit ion 
w i th  the le a s t  amount o f  change.
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APPENDIX 
TABLE A
F a l l -W in te r  Re la t ive  Abundances
Numbers in  parenthesis  represents the average number o f  
in d iv id u a ls  occur ing in  a 0.1 m2 sample.
Abundances are in  percentage o f  the number o f  in d iv id u a ls  
in  a sample.
Those species ind ica ted  w i th  an a s te r is k  were present 
in  the sample but in  i n s u f f i c i e n t  number to have a r e l a t i v e  
abundance value.
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I I I  I I I ' I I I IV V VI VII
EPHEMEROPTERA
Choroterpes
a lb ian n u la ta 1 .6 .4 2.4 1 .5
Para lep toph leb ia
d e b i l i s .8 .8 1.3
Leptophlebia
sp. .4
Baet is
t r i  caudatus 2.5 .4 3.2 2.0 3.7
Stenonema
reesi 2.4 1 .0 2.6 1.2 2.0 6.0
Rhi throgena
hageni .1 3.9 2.0
Ephemerella
margari ta 2.4 2.1 3.9 3.6 5.9 3.0
Tr icory thodes
mi nutus .8 3.6 3.0 2.6
ODONATA
Ophiogomphus
morr ison i  1.6 .8 2.4 2.0
Argia
VI vida .8
Hetaeri  na
americanus *  *
PLECOPTERA
Strophopteryx
fa s c ia ta  1.0 1.7 13.0 21.6 18.4 3.9 1.5
Para leuctra
sara .8 4.5 5.6 6.6
Capnia
l imata  *  5.3
Isogenus
modestus 1.3 1.2
Isogenoides
f r o n ta l  i s  1-2
Acroneuria
abnormis 2.4 2.5 1.3 2.4
LEPIDOPTERA
Catac lys ta  sp. .7 .4
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I I I I I I  ' I I I IV V VI V I I
TRICHOPTERA
Cheumatopsyche
sp. 15.0 9.3 6.6 26.5 25.5 64.4
Hydropsyche
b i f i d a 13.4 9.2 11.8 14.5 11.8 3.0
Hydropsyche
sp. a 19.4 4.2 6.1 14.4 6.6 13.3
Hydropsyche
occ iden ta l  is 2.0 .8 .1 1.3 3.6 3.9
Hydropsyche
sp. b 23.5 8.4 8.1 8.4 1.3 18.1
Hydropsyche
sp. c 2.0 .4
Brachycentrus
numerosus .3 3.7
Brachycentrus
americanus 1.3 2.4 11,8 3.7
Athr ipsodes sp. 2.4 2.3 2.6 1.5
Leptoce l la  sp. 2.0 4.1 .3
Limnophi1idae 1.0 ★ 3.0
COLEOPTERA
Laccobius sp. .7
Stenelmi s
sp. a 5.7 3.1 1.3 7.2 7.8 3.0
Stenelmis
sp . b 12.2 20.3 5.3 7.5 2.6
Dubiraphia sp. * •k
DIPTERA
Simulium sp. 12.6 .4 .1 15.7 1 .5
Metriocnemus
sp. 4,1 2.6 4.0
Chi ronomidae
(o the r  s p p . ) •k * * * *
A th e r ix  sp. .4 10.5
TURBELLARIA
Dugesia
t i g r i n a  *  *  *
MOLLUSCA 
F e r r i s ia
r i v u l a r i s  -8 1.3
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I I I  I I I '  I I I  IV V VI V I I
Physa
gyr ina  15.3 31.9
Lymnea sp. *  *  *
Gyraulus
sp. *  *
El 1i p t i o
. s P ' . . .  2.0Lampsil i s  
ra d ia ta
s i l i q u o ld e a  *  *
P is id ium
compressum * *
Sphaerium
s im i le  23.5  14.3
CRUSTACEA
Oaphnia sp. *  *
H y a l le la
azteca *  *  * *
Gammarus
sp. *  *
DENSITIES (98) (119) (247) (335)(76) (83) (51) (135)
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APPENDIX 
TABLE B
Re la t ive  Abundances: Summer
Numbers in  parenthesis  represent the average number 
o f  i n d iv id u a ls  occur ing in  any 0.1 m sample.
Abundances are percentages o f  the number o f  in d iv id u a ls  
in  a sample.
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I I I I I I IV V VI VII
EPHEMEROPTERA
Baet is
t r ica ud a tu s 5.9 9.0 6.5 11.7 2.1 4.2 4.6
Baet is  sp b 1.1 1 .0
Baet is
a lexanderi 1.3 4.3 2.1 2.1
Lachlania
powel 1 i 2.1 5.2
Rhithrogena
hageni 5.9 28.7 22.9 7.3 6.9
Stenonema
reesi 1 .9
Heptagenia
s o l i t a r i a 1 .0
Choroterpes
a lb ia nn u la ta .5 7.2
T ra v e re l1 a
a lbertana 39.4 50.0 66.7 83.9
Ephemerella
h y s t r i x 3.9 1.7 3.9
Tr icory thodes
mi nutus 15.0 4.9 2.0 1.1 2.1 4.2 1.1
Ephoron
album 15.7 1.1 2.1 1.1
ODONATA
Argia
v iv id a .5 1.7 .7 *
Ophiogomphus
morr ison i .8 .6 .7 3.2 2.1 1.1
PLECOPTERA
Isogenoides
f r o n t a l i s  6.4 8.3 2.1
Acroneuria
abnormis 6.5 2.1
HEMIPTERA
Graptocor ixa sp. .7
TRICHOPTERA
H yd ro p t i la  sp. 1.6 1.3
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I I I I I I IV V VI
Cheumatospsyche sp. 2.6 1.1 3.3 1.1
Hydropsyche
bi f id a .5 .4 4 . 6 2.1
Hydropsyche
occ iden ta l  i s 5.7 5.6 4.6
Hydropsyche
sp. a 11.9 7.5 11.8
Hydropsyche
sp. b 6.5 1.7
Hydropsyche
sp. c 1.6 .2 .7
Athr ipsodes sp. 1 .6 .4
Lep toce l la  sp. 14.0 4.9 2.1 1.0
Brachycentrus
americanus 2.1
DIPTERA
Simulium sp. 2.8 .2 2 . 0
Metriocnemus
sp. 1.6 3 .0 2 . 0 2.1
COLEOPTERA
Stenelmis
sp. a (a d u l t ) .8 .8 3.3 1.1
S. sp. a
( la rvae ) .3 3.7 6 .5 1.1
Stenelmis sp. b
(a d u l t ) 5.4 29.3 9 . 2
S. sp. b
( la rvae ) 3.9 13.3
Dubiraphia sp. .8
TURBELLARIA
Dugesia
t i g r i n a 1.6 .4
MOLLUSCA
F e r r i s ia
r i v u l a r i s 2.6 .2 .7
Physa
gy r i  na 4.7 4.7 1.3
VII
1 . 1
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Lymnea sp. .8 .2
Sphaerium
s im i le 2.3 1.9
Pi s id i  urn
compressum .8 .2
Lampsi1i s
ra d ia ta
si 1iquoidea ■k *
I I  I I I  IV V VI V II  
.7
.7 1.0
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APPENDIX 
TABLE C
Transect Sample Values
V = v e lo c i t y  (cm . /sec . )
D = depth (cm.)
I = m ic ro p r o f i l e  index 
F = Froude number ( tu rbu lence)  
H = d i v e r s i t y
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Sample V D I F H
1 27 12.5 2.73 .244 1 .33
2 0 9 0
3 38 14 2.95 .324 2.04
4 42.5 19 2.34 .311 1.19
5 62 24 1.39 .404 1 .68
6 59 25 1 .84 .377 1 .90
7 60 45 1.61
8 51.5 21 1 .44 .359 1.78
9 60 20 1.84 .429 1.27
10 65.5 27 1 .86 .403 1.01
11 100.5 25 2.14 .642 1 .34
12 90 42 2.53
13 90 40 2.04
14 89 30 1 .77 .519 1.95
15 0 12 1 .56 0 0
16 51.5 12 1.38 .475 1 .86
17 49.5 17 1.35 .384 1 .87
18 116 10 .634 1.172 1 .48
19 58 17 .992 .449 1.34
20 75 17 1 .55 .581 1 .21
21 94 15 2.68 .775 1.37
22 120 15 1.80
23 69 24 1.99 .441 1.49
24 63 32 1.50 .356 1 .66
25 60 33 1 .91
26 84 31 2.49 .482 2.24
27 80 11 2.00 .771 1.33
28 75 40 2.93
29 54 15 2 .48 .445 .83
30 71 19 2.68 .520 1 .07
31 32 6 1.83 .417 .89
32 16 8 2.25 .181 .53
33 47.1 20.5 1.37 .297 1 .89
34 94.8 31.3 1.57 .541 2.33
35 116.2 35.2 2.26 .626 1.78
36 115.0 35 1.78
37 105 30 1.69
38 81.6 32.2 2.69 .459 2.35
39 90 35 3.02
40 20.6 21.5 .978 .142 1 .61
41 63,5 32.5 1 .93 .356 1.26
42 129.4 41 .9 1 .72 .638 2.13
43 115 45 1.65
44 42.1 36.2 1 .98 .223 1.49
45 12.3 41 1 .90 .061 1.34
46 49.5 11.3 1.32 .470 2.50
47 99.7 21.2 1.87 .694 2.38
48 127.7 30 2.79 .745 2.13
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Sample V D I F H
49 120 42 1 .80
50 129.4 38 1.51 .671 2.33
51 129.4 47.1 1.81 .602 1 .60
52 105 41 1 .93
53 5.6 37.5 1.85 .029 .89
54 7.9 45.8 1.42 .037 1 .40
55 30 45 1.23
56 8 8 . 2 49 1.25 .402 2.10
57 33.9 29.5 2.72 .199 1.99
58 81.6 35.7 2.43 .437 1 .84
59 9 4 . 8 38.5 1 .80 .488 1.84
60 90 42 2.73
61 61.9 15.2 1 .53 .507 1.84
62 86.6 25.9 1 .63 .543 2.44
63 89.9 30 1.30 .524 2.76
64 99.7 47.8 1.83 .461 2.41
65 90 45 2.37
66 105 5 1.52
67 68.4 15.2 1.79 .561 2.04
68 93.1 20.4 3.72 .659 2.60
69 90.9 25.9 2.60
70 119.5 25 2.38 .763 2.72
71 112.9 29.5 2.59 .664 2.51
72 98.1 29 1.87 .582 2.52
73 123 35 2.27
74 27.3 23.5 2.23 .179 1.63
75 66.8 18.3 .961 .499 2.55
76 91.2 35.3 .253 .490 0
77 57.7 19.8 2.68 .414 1 .68
78 79.2 34.1 3.64 .433 2.46
79 86 .9 38.1 3.52 .450 2.27
80 90 35.1 2.55
81 95.1 44.2 1.89 .457 1 .87
82 85 45.7 2 .28 .402 1 .81
83 75 40 1 .44
84 44.8 18.3 1.82 .334 2.15
85 63.7 29.3 2.00 .376 2.32
86 77.7 35.1 2.50 .419 2.23
87 93 38.1 2.72 .481 1 .81
88 90.8 41.1 2.31 1452 2.38
89 97 .2 45.7 1.96 .459 1.77
90 10 25 .3 1.52
91 8.9 36.6 1.69 .047 2.18
92 33 .8 36 .6 2 .33 .179 2.04
93 30 44.9 1.78
94 43 19.8 1 .39 .308 1.83
95 42.1 30.5 1 .95 .243 2.35
96 81 .4 35.1 2.61 .439 2.08
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Sample V D I F H
97 8 6 . 9 4 4.2 1.94 .417 2.13
98 71 41.1 2.87 .354 1.41
99 50.3 15.2 2.46 .412 2.36
100 51 .5 38.1 1 .04
101 71 21.3 2.46 .491 2.31
102 43.9 32 1.86 .248 2,53
103 8 8 . 7 39.6 1 .93 .450 2.39
104 124.5 44.2 3.68 .508 0
105 62.2 45.7 2.85 .204 1.98
106 33.8 18.3 1 .61 .253 2.13
107 30 35 1 .05
108 45.7 21 .3 1.74 .316 2 .3 8
109 72.5 27.3 2.13 .442 2.24
110 71 39.6 2.22 .360 2.31
111 0 5.3 .762 0 0
112 0 9.1 1 .85 0 1.33
113 6 5.1 0
114 8 . 4 16.8 1.99 .065 2.22
115 52.7 24.4 2.55 .341 2.73
116 44,6 27.4 2.47 .273 2.35
117 85 32 1.64 .480 2.02
118 77.7 35.1 2,53 .419 1.95
119 75 4.9 1 .65
120 90 5 1 .20
121 114.9 8 . 2 1 .29
122 110 15 1.66
123 36.9 9.1 1.64 .390 2.50
124 27.7 9.9 1.53 .281 2.17
125 44.8 21 .3 1.90 .310 1.73
126 50.3 19.8 2 .20 .361 2.10
127 30.1 21.3 1 .90 .208 2.54
128 58.2 27.4 1.56 .355 1.89
129 46.9 2 2.9 1.86 .314 0
130 22.7 18.3 1.89 .170 1.73
131 75 25 .67
132 30 .2 21.3 2.21 .208 1.72
133 51.5 3 3 . 5 1.88 .284 2.01
134 79.3 18.3 2.28
135 42.1 2 4 . 4 2.47 .272 2.26
136 50.3 15.2 2.42 .412 1.99
137 50.3 25 .9 1.97 .316 1.89
138 4 3 . 9 27.4 1.43 .268 2.01
139 90 34.9 1 .52
140 8 9 . 8 35 2.06
141 31.4 25.9 1 .59 .197 1.09
142 6 6 . 8 22 .9 1.72 .446 1 .99
143 32.9 18.3 1 .65 .246 2.04
144 60 4.9 1.12
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Sample V D I F H
145 119.7 6 1 .08
146 121 5.1 0
147 41 .4 10.7 1.72 .402 1 .81
148 40.2 10.7 .965 .393 1.31
149 22.7 13.7 1 .57 .196 .59
150 88.7 30.5 1.83 .513 2.08
151 90 30 2.79
152 89.9 35.1 2.02
153 57 18.3 2.16 .426 2.28
154 15.1 25.9 2.02 .094 1.74
155 36.6 33.5 2.32 .202 1 .67
156 59.4 41.1 1 .99 .147 2.01
157 45 43.9 1 .84
158 74.1 39.6 1.48 .376 2.01
159 77.7 44.2 1.84 .373 1.42
160 60 5 1 .76
161 54.9 12.2 1.71 .502 1 .95
162 66.8 18.3 1.86 .499 1.65
163 120.8 25 2.13
164 79.2 27.4 2.61 .483 1.89
165 99.7 32 2.41 .563 1.56
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APPENDIX 
TABLE D
Centro id Values
C = ce n t ro id  f o r  v e lo c i t y
= cen t ro id  f o r  depth
= cen t ro id  f o r  m ic ro p r o f i l e
Of = cen t ro id  f o r  turbulence
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Species
DIVERSITY
Ephoron
album
Baetis
t r icauda tus  
Baeti s
a lexander i  
Ephemerella 
margari ta 
Ephemerella 
h y s t r i x  
Tr ico ry thodes  
mi nutus 
Choroterpes 
a lb ian n u la ta  
T ra ve re l la  
a lbertana 
Stenonema 
reesi 
Rhi throgena 
hageni
Strophopteryx 
fa s c ia ta  
Para leuctra  
sara 
Capnia 
1imata 
Isogenoides 
f r o n t a l  is  
Acroneuria 
abnormi s
Ophiogomphus
morr ison i
H yd rop t i la  sp. 
Cheumatopsyche 
sp .
Hydropsyche 
bi  f id a  
Hydropsyche 
o c c id e n ta l i  s 
Hydrospsyhe 
sp. a 
Hydropsyche 
sp. b
Cv Cd Ci Cf
76.2 28.1 2.01 .401
96.7 30.1 2.03 .557
74.3 27.9 2.01 .411
54.7 23 .3 1.80 .392
84.1 25.4 1 .99 .502
82 29.2 2.05 .526
67.7 32.6 2.00 .356
62 26.9 2.07 .425
79.9 31.6 2.14 .499
60 27.1 1.73 .336
8 1 .8 32.5 2 .07 .454
72.7 19.4 1.97 .478
74 14.9 2.10 .500
56.2 23.3 2.19 .348
71.3 36.2 2.24 .402
81.4 27 1.99 .505
72 .8 28 .4 2.24 .376
62.9 30.2 2.09 .343
73.8 32.7 2.16 .396
75.6 33 2 .10 .450
66.5 25.6 1 .95 .417
8 2.9 33 .6 2.07 .462
8 3.2 35 .3 1 .87 .390
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Species Cv Cd Ci Cf
Hydropsyche
sp. c 61 .1 30.8 2.03 .321
Brachycentrus
americanus 57.9 28 1 .94 .357
Lep toce l la  sp. 52.4 29 1 .74 .274
Athr ipsodes sp. 79.4 27 1 .97 .404
Rhagovelia sp. 22.3 31.1 2.21 .155
Stenelmis
sp. a ( 1) 71.1 30 2.05 .405
Stenelmis
sp. a (a) 73.1 29.3 2.26 .403
Stenelmis
sp. b ( 1) 61 .7 25.1 1 .89 .385
Stenelmis
sp. b (a) 70.4 32.7 1 .96 .358
Dubiraphia sp. 58.6 28.2 1.55 .346
Simulium sp. 78 27 2.23 .495
Metriocnemus
sp. 78 30.9 1 .83 .443
Sphaerium
s im i le 92.1 34.5 2.00 .500
Physa
gyr ina 93.4 38.9 1.83 .421
Dugesia
t i g r i n a 48.1 2 3.5 1 .80 .309
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APPENDIX 
TABLE E
Sample Composition
Each species name is  fo l lowed by the number o f  in d iv id u a ls  
in  each sample in  sequence from sample 1 to  sample 165.
The more ra re  species have the number o f  in d iv id u a ls  preceded 
by the sample number and a l l  o ther  samples are assumed to 
conta in  0 i n d iv id u a ls .
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Baet is  t r i ca ud a tu s  1 , 0 ,4 ,2 ,0 , 4 , 0 , 0 , 2 , 3 , 3 , 2 , 0 , 8 ,0 , 2 , 1 , 5 ,
0 ,3 ,4 ,2 ,2 ,0 ,4 ,0 ,1  ,2 3 ,1 ,2 ,2 ,0 ,0 ,1 ,0 ,0 ,1 1 ,2 ,1 0 ,0 ,1 ,2 ,0 ,2 ,0 ,
1 1 . 3 . 2 . 0 . 0 .0 .3 . 0 .0 . 1 .3 .1 . 0 . 0 . 1 .2 .2 . 3 . 1 .4 8 . 5 .3 .1 1 .0 .7 . 2 . 2 ,
1 . 1 . 0 . 1 . 1 . 0 .2 2 . 0 .0 . 4 .9 .3 .7 . 0 . 2 .0 . 0 .0 . 0 .0 . 3 .5 .6 .0 . 0 . 8 .0 . 1 0 ,
3 . 5 . 0 .0 .0 .0 . 8 . 0 .5 .0 .0 . 0 . 2 .1 3 . 3 .0 .0 . 1  , 1 , 3 , 3 , 5 , 3 , 0 , 3 , 2 ,0.1 ,
7 .4 .4 .3 .1 .1 0 .1 .2 .2 .5 .1  ,1 , 3 ,0 ,2 ,3 ,0 ,2 , 1 3 , 0 , 2 , 1 ,1 ,1 , 0 ,3 , 0 ,
0 , 1 ,0 ,0 ,3 , 1 , 3 ,0 ,0
Tr ico ry thodes minutus 1 ,0 ,2 ,0 ,0 ,0 ,0 ,0 ,0 , 0 ,0 ,1 9 ,0 , 0 ,0 ,0 , 0 ,  
0 ,0 ,0 ,0 ,3 ,0 ,0 ,1  , 0 ,0 ,5 8 ,0 , 0 ,0 ,0 , 1 0 ,6 , 0 , 0 ,1 ,2 ,3 ,1 , 4 ,0 ,5 ,1 ,6 ,
9.1 ,0 ,0,1 ,1 , 0 , 7 , 6 , 7 ,6 , 5 , 3 ,9 ,7 ,2 , 6 , 3 ,2 6 ,0 ,4 ,5 , 0 , 2 ,1 ,2 ,2 . 1 8 ,
1 . 0 .0 .1 . 1 . 4 .0 .3 .4 . 5 . 3 . 0 . 1  , 0 , 0 , 4 , 3 , 1 , 1 , 3 , 3 ,0 , 4 , 0 , 2 , 0 , 2 , 1 , 2 ,
0,1 , 3 , 0 ,0 ,0 ,0 ,0 ,1 ,0 ,3 ,9 ,1  ,0 ,2 ,0 ,0 ,0 ,0 ,5 ,1  , 0 , 2 , 3 , 1 , 0 , 3 ,1 ,4 ,
1 .0 .3 .2 .1 .0 .0 .1  ,1,1 , 0 ,0 ,0 ,0 ,2 ,7 ,0 ,3 ,2 ,2 ,1  ,3,1 ,1 , 1 , 0 , o , l  ,
0 ,3 ,3 ,0 ,0
Arg ia  v iv id a  0 , 0 , 1 , 0 , 0 , 1 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , o ,o , 0 ,0 ,0 ,0 ,
0 ,0 ,0 ,0 ,2 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
1 . 0 . 0 .0 .0 . 0 . 0 .0 . 0 . 0 . 0 . 0 . 0 . 9 . 0 . 0 . 4 . 0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 1 ,0 ,0 ,0 ,0 ,0,1 ,0 ,0 ,0 ,2 ,7 ,1 ,
0,1 , 2 , 0 , 3 , 0 , 0 , 0 , 0 , 0 , 1 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 0 , 0 , 0 , 0 ,0
Baet is  a lexanderi  0 , 0 , 0 ,0 , 0 ,0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 0 , 0 , 0 , 0 ,
0 , 0 , 0 , 0 , 0 , 0 , 2 , 0 , 0 , 1 , 0 ,0 ,0 ,0 , 2 , 0 , 0 , 0 , 4 , 0 , 2 ,0 ,0 , 0 ,0 ,0 ,0 ,3 ,0 ,1 ,  
0 , 0 ,0 ,0 ,0 ,0 ,0 ,1 ,0 ,0 ,1  ,0,1 ,0 ,3 ,3 ,1  ,0 ,0 ,0 ,2 ,0 ,1  ,1 ,2 ,5 ,0 ,1 ,1 ,  
0 , 0 , 2 , 0 , 0 , 1 , 0 , 2 , 0 , 2 , 0 , 0 , 0 , 1 , 0 , 0 , 0 , 0 , 0 , 3 , 1 , 0 ,0 ,0 ,0 ,0 ,1  ,
0 , 0 , 0 ,0 , 3 , 3 , 2 , 0 , 0 , 0 , 2 , 6 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,4 ,1 ,0 ,0 ,3 ,1  ,0 ,2 ,0 ,
5.1 ,0,1 , 0 ,0 ,0 ,0 ,1 ,1 ,0 ,0 ,0 , 0 , 0 ,5 ,1 5 ,0 ,0 , 0 , 0 ,0 ,0 ,0 ,0 , 0 , 1  ,1 ,8 , 
0 ,0 ,1 ,0,0
Hydropsyche sp. b 0 ,0 ,0 ,0 ,0 ,0 ,1 ^ 0 ,2 ,0 ,1 ,4 6 ,3 ,0 ,0 ,0 ,0 ,0 ,0 ,  
0 ,0 ,0 ,0 ,0 ,0 ,1  ,1 , 2 5 , 0 ,0 ,0 , 0 ,0 , 0 ,0 , 0 ,0 , 0 , 0 ,0 ,0 ,0 , 0 ,0 , 0 ,0 , 0 ,0 ,  
0 , 2 3 ,1 ,0 , 1 0 , 0 , 0 ,0 ,0 ,0 , 0 , 0 ,2 0 , 0 ,0 .0 , 2 , 9 ,0 ,0 ,0 , 0 , 0 ,0 ,0 ,0 , 0 , 0 ,  
0 , 0 , 0 , 3 , 1 , 0 ,0 ,0 ,0 , 0 ,0 , 0 ,0 ,0 ,0 , 0 , 0 ,0 , 0 , 0 ,0 , 0 ,0 ,0 ,1  , 0 , 0 , G,0 ,0 ,  
0 ,0,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,1 ,0 ,0 ,1 ,
4 .3 . 0 .0 . 0 .0 .0 .0 . 0 . 0 . 0 .1 1 .4 . 0 .0 . 0 .0 .1  ,0,1 ,4 ,5 ,0 ,0 ,1 0 ,0 ,0 ,0 ,0 ,0
Athr ipsodes sp. 0 , 0 , 2 , 1 , 3 , 2 , 0 , 1 ,3 ,1 ,0 ,1 0 ,0 ,0 ,0 ,1 ,1 ,2 ,2 ,2 ,1 ,  
0 , 0 , 0 ,0 , 1,1 , 6 ,0 , 0 , 0 , 0 , 0 ,0 , 2 , 0 ,0 ,0 ,0 , 0 ,0,1 ,0 ,0 ,0 ,0,1 ,0 , 0 ,0 , 0 , 
0 , 0 , 0 , 0 , 0 , 0,1 ,0 , 6 , 0 , 0 ,0,1 , 2 , 1 , 0 , 0 ,0 , 0 ,0 ,0 ,0 ,0,1 , 0 , 0 ,0 , 0 ,7, 
0 , 0 , 0 ,0 ,0 , 2 , 0 ,0 ,0 , 0 , 0 , 2 ,0 ,0 , 1 , 3 ,0 ,0 , 0 ,0 ,0 ,0 , 0 ,0 , 0 ,0,1 , 0 ,0 ,0 , 
0 , 0 ,0 ,0 , 2 , 0 , 0,1 , 1 , 1 , 1,1 , 0 , 0 , 0 , 0,1 ,0 , 0 ,0 ,0,1 ,0 ,0 ,0 , 2 ,0,1 ,
2.1 ,2 .0 ,2 ,0 ,1 ,0 ,1 ,0 ,0 ,0 ,2 ,0 ,0 ,0 ,2 ,0 ,0 ,1 ,0 ,2 ,0 ,0 ,0 ,0,0
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0 ,0 ,0 ,0 ,0 ,0 ,0,0
H yd rop t i la  sp. G,0 ,0 ,0  
0 ,0 ,0 ,0 ,0 ,6 ,0 ,0 ,0,1 ,0,0 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,0 
0 ,0 ,0 ,2 ,0 ,0 ,0 ,0 ,0 ,0 ,0,0 
0 , 1 , 3 , 2 , 1 , 0 , 0 , 0 , 0 , 0 , 0,0 
0 ,0 ,0 ,0 ,0 . 1 ,0 ,0 ,0 ,0,1 ,2
Cheumatopsyche sp. 0,0
1.1 ,2 ,5 ,1 ,1  ,22 ,3 ,0 ,10,1  
6 ,0 ,2,1 ,0 , 1 ,0 ,0 ,2 ,0 ,0,2
5 .7 .1 7 .1 1 .2 .0 .1 0 .1 0 .3 8 ,
4 0 .7 .2 2 .0 .2 .5 .5 .1 3 .2 3 .9
2.1 ,0 ,0 ,1  ,0 , ,2 ,2 0  = 9,26,
9 .1 .3 9 .4 3 .3 1 .2 2 .5 .0 .1 .9
Hydropsyche b i f l d a  0,0
2 . 0 . 0 . 0 . 1 .1 0 .9 .9 .1 0 .6 .0  
0 ,2 ,5 ,0 , 1 2 , 0 ,8 ,4 ,0 ,0 , 0 , 0
9 .6 .9 .0 .8 .0 .4 .6 .4 .4 7 .1 7
1 5 .2 .4 .1 .9 .2 .2 6 .0 .0 .0 .0
1 . 6 . 4 . 0 . 7 . 0 . 2 . 0 . 2 . 0 . 1 . 1 1
9 . 6 . 8 . 0 . 2 . 2 6 . 2 4 . 0 . 7 . 2 . 2
0 , 0 , 0 , 3 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0
3 . 5 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 2 . 1 .2 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,0 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,0
1 . 0 . 0 .0 .0 . 0 . 0 .0 . 1 .0 . 0 .0
3 , 0 , 0 , 3 , 0 , 0 , 8 , 0 , 0
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,
7 . 0 . 0 . 9 . 0 . 0 . 0 . 0 . 0 . 0 . 2 . 0 . 0 . 1 , , 0 , 0 , 0 , 0 ,  
0,1 ,0 ,0 ,3 ,0,1 ,1 ,2 ,0 ,0,1 ,0 ,0 ,2 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0,1 ,0 ,0 ,2 ,0 ,0 ,0 ,0,1 ,0 ,2 , 
0 , 0 , 0 , 1 8 , 0 , 0 , 2 , 0 , 0 , 0 , 0 , 0
1 .0 .1 .3 .3 6 .6 .3 .0 .2 .5 5 .2 2 .4 .0 .0 .0 .0 ,  
0 ,0 ,0 ,2 ,1  ,1 ,4,1 , 5 , 5 ,0 ,0 ,4 ,0 ,0 ,0 ,1 ,3 ,
37.1 , 2 , 3 , 5 , 6 , 4 , 4 , 6 ,5 ,2 ,2 ,0 ,4 ,0 ,7 ,  
,3 ,1 1 ,2 ,2 ,7 ,0 ,1 7 ,1 6 ,2 1 , 1 2 , 0 , 9 , 0 ,  
0 , 0 , 0 , 0 , 6 , 1 7 , 1 8 , 2 , 1 , 0 , 0 , 2 , 1 7 , 2 , 1 ,  
, 0 ,0 ,8 7 ,1 , 0 , 0 , 0 , 0 , 0 , 2 , 1  , 0 , 0 , 5 , 1 3 ,
5.9.1
2 .0 .2 .0 .2 4 .0 .6 0 .6 .2 4 .1 2 .2 .0 .0 ,
2 . 0 . 0 . 0 . 0 . 0 . 8 . 8 . 8 . 0 . 1 0 . 7 . 0 . 1 .1 .20, 
,2,0,1 ,0 ,3 3 ,4 ,3 ,4 ,5 ,2 ,2 ,6 ,4 ,1 ,7 ,
2 .0 .9 .4 .1 7 .5 .4 .1 3 .0 .0 .2 .2 .0 .0 .1 7 ,
10.11 ,20 ,0 ,0 ,0 ,0 ,1  ,4,21 ,1 2 ,0 ,0 ,0 ,
,5 ,3 ,0 ,0 ,0 ,4 ,1  , 0 , 0 , 0 , 0 , 0 , 0 , 1 ,1 ,0 ,0 ,
3.11 ,9,5
Ephemerella h y s t r i x  0 , 0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,
0 , 0 , 2 , 1 , 2 , 1  , 0 , 3 , 6 , 0 , 0 , 4 , 0 , 1  ,1 ,7,
2 , 0 , 3 , 1  ,0 , 2 , 9 , 0 , 0 ,0 ,0 , 2 ,3 ,0 ,0 ,0 ,0 ,  
0 ,0 ,0 ,0 ,0 , 1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,1 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 , 0 , 0 ,0 ,0 ,0 ,3 ,0 ,0 ,0 ,0 ,  
0 ,0 ,0 ,2 ,5 ,0,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,
Ophiogomphus morr ison i  0 ,0 ,1 ,2 ,0 ,1 ,2 ,0 ,0 ,0 ,1  ,6,2,1 ,0 ,1 ,
1 , 0 , 0 , 0 , 1 , 0 , 1  J  .0 ,1  , 0 , 3 , 0 , 1 , 0 , 0 , 0 , 2 , 0 , 0 , 3 , 1  ,1 , 0 , 0 , 0 , 0 , 0 ,  
0,1 ,0 ,0 ,0 ,1  ,0 ,0 ,0 ,0 ,0 ,0 ,2 ,1  ,0 ,4 ,0 ,0 ,0 ,1  ,3,1 ,0,12,1 ,1 ,0 ,0 ,  
1 , 0 , 0 , 0 , 0 , 0 , 1  , 0 , 0 , 0 , 0 , 0 , 0 , 1  , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 1  ,1 , 0 , 0 , 0 , 0 ,
3,0,1 , 0 ,0 ,1 ,0 ,0 ,0 ,0 ,0 ,0 , 0 , 3 ,2 ,2 , 0 ,0 ,0 , 0 ,0 1  , 2 ,1 ,0 ,0 ,0 ,0 ,0 ,  
0,1,1 ,0 ,1 ,0 ,0 ,0 ,0 ,0 ,1  ,1 ,0,1 , 0 ,0 , 0 ,0 , 0 , 0 ,0,0,1 ,1 ,0,3,1 ,0, 
0 , 0 ,0 ,1 ,5 ,0 ,0 ,0
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Hydropsyche occ identa l  i s  0 ,0 ,2 ,2 ,4 ,1 1 ,0 ,5 ,0 ,1 ,1 5 ,0 ,1 5 ,7 ,  
0 ,0 ,3 ,0 ,3 ,2 ,6 ,0 ,1 5 ,1 5 ,8 ,1 8 ,1 ,2 2 ,2 ,2 ,1 ,0 ,0 ,9 ,6 ,5 ,0 ,3 1  , 7 ,0 ,0 ,
1 ,19,0,1 ,4,1 ,1 0 ,2 ,1 0 ,2 ,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,2 ,5 ,7 ,2 ,3 0 ,5 ,4 ,0 ,
3 .1 2 .3 .1 3 .9 .0 .4 .0 .5 .4 .2 .1  ,5 ,1 ,0 ,2 ,5 ,1 7 ,1  ,1 , 5 , 3,1 ,0 ,2 ,8 ,8 ,1 3 ,
8 .2 .4 .0 .1 3 .4 .1 6 .0 .4 .1  ,0 ,6 ,5 ,9 ,1  ,0 ,0 ,0 ,6 ,0 ,5 ,1 0 ,3 ,1  ,0 , 6 , 3 ,
0 ,2 ,2 ,3 ,1  , 0 , 0 , 0,1 ,1 ,7 ,2 ,20 ,20 ,24 ,15 ,0 ,1  ,20,24,14,1 , 0 ,49,
107.0.19.1 ,2 ,8 ,0 ,9 ,1 9 ,1 9 ,1 3 ,5 ,4 7 ,0 ,1  , 7 , 3,3
Rhithrogena hageni 0 , 0 , 0 ,0 , 0 , 0 , 2 , 0 , 0 , 0 , 0 , 1 , 0 , 0 ,0 , 0 , 0 , 0 , 0 ,  
0 , 0 , 2 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 0 , 1,1 , 2 7 , 8 ,9 ,0 ,0 ,8 ,0 ,0 ,0 ,1 ,2 ,4 ,  
0 ,0 ,2 ,0 ,0 ,0 ,0 ,1 2 ,1 ,4 ,6 ,0 ,1  ,6 ,8 ,1 8 ,0 ,0 ,2 ,1  ,1 , 4 , 9 , 8 ,4,0,1 ,
0 , 0 , 5 , 1 , 0 , 2 , 3 , 7 , 6 ,0 ,1 , 5 ,0 , 2 ,0 ,2 ,2 ,0 ,7 ,1 ,4 ,3 ,5 ,2 ,2 ,1  ,2 ,9 ,
0 , 2 , 2 , 1 , 3 , 2 , 2 , 0 , 0 , 0 , 0 , 2 , 3 , 3 , 0 , 0 ,0 ,0 ,0 ,0 ,0 , 2 , 0 , 2 , 1 ,0 , 1 , 6 ,
1.1.1 ,1 ,0 ,0 ,0 ,0 ,1 1  , 0 , 0 , 0 , 0 , 0 , 2 , 0 ,0 , 0 , 0 ,3,1 , 2 ,0,1 ,4,2,1 ,1 ,
0 ,3 ,2 ,5 ,3 ,5
Lep toce l la  sp. 0 , 0 , 0 ,2 ,0 , 2 , 4 , 1 , 2 , 0 , 0 , 0 , 0 , 0 , 0 , 1 , 3 , 0 , 1 ,
G , 0 ,0 ,0 ,0 ,0 ,1  , 3 ,5 4 ,0 ,0 ,0 ,0 ,0 ,0 , 1 ,2 ,0 ,0 ,0 ,0 ,0 ,0 ,2 ,3 ,0 , 1  ,0, 
0 , 2 , 1 , 0 ,0 ,0 , 0 , 0 , 2 , 0 ,0 , 0 , 10,0 ,0,1 ,0 ,26,0,1 ,1 6 ,0 ,0 ,0 ,0 ,1  ,
0 ,0 ,0,1 , 0 , 0 , 0 , 0 ,0 , 0 , 2 ,0 ,0 , 1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,1,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,2 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,1  ,0 ,0 ,0 ,0 ,2 2 ,0 ,7 2 ,0 ,1  ,177 ,18 ,56 ,0 ,0 ,2 ,0 ,8 ,15 ,1  ,0 ,0 ,
0 , 0 , 2 ,1 , 4 , 0 , 5 , 0 , 0 , 0 , 0 , 0
Hydropsyche sp. a 0 ,0 ,0 ,1 ,1 ,4 ,3 , 0 , 0 , 0 ,0 ,6 4 ,1 1 ,4 ,0 , 1 , 1 ,0 ,
1 ,3,1 ,8 ,2 ,2 ,2 ,2 ,1 2 ,0 ,4 6 ,1  ,2,1 ,0,3,11 ,19,20,0,30,18,1 ,1 ,1 ,
3 .3 .19.1  ,3 ,1 2 ,1 9 ,1 8 ,2 ,5 ,0 ,0 ,0 ,1  ,0,1 , 2 ,1 5 ,5 ,3 ,6 ,7 ,4 0 ,3 ,2 ,0 ,
1 ,9 ,7 ,9 ,26 ,1  ,2 ,0,1 ,2.1 ,47,1 ,0,0,1 ,3,9,1 ,4 ,0,1  ,0 ,0 ,1 8 ,0 ,3 ,
0 ,4 ,0 ,0 ,0 ,5 ,1  , 4 , 0 , 5 , 0 , 0 , , 2 , 4 , 1 0 , 0 , 0 , 0 , 0 , 1 , 9 , 2 , 3 , 1 , , 0 , 1 , 0 , 0 ,
1 ,0 ,0 ,1 ,0 ,0 ,2 ,1  ,3 ,3 ,4 ,2 ,0 ,0 ,2 ,4 ,6 ,1  ,0 ,1 0 ,2 3 ,0 ,5 ,5 ,0 ,2 ,0 ,0 ,
3 .2 .0 .3 .9 .0 .0 .1 2 .1  ,1
Dugesia t i g r i n a  0 , 0 , 0 ,0 ,0 ,0 ,0 ,0 ,0 ,1  , 0 ,0 , 0 , 0 ,0 ,0 , 0 ,0 ,0 ,0 ,
0 ,0 ,0,1 ,0 ,0 ,6 , 0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,2 ,
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,2 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,2 , 0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,1 ,1 ,1 ,
0 ,2 ,0 ,0 ,1  , 0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,1  , 0 , 1 , 3 ,0 ,0 ,0 ,0 ,0 ,0 ,1 ,0 ,3 ,1 0 ,3 7 ,
4 0 .0 .0 .1 8 .3 .4 3 .0 .0 .4 .7 .1  ,16 , 0 , 0 , 0 , 0 ,0 ,0 , 0 ,  , 0 , 0 ,4 ,o ,o  , o , o ,0
Hydropsyche sp. c 0 ,0 ,1 ,0 ,1  , 2 , 9 , 0 , 2 , 0 , 3 , 0 , 0 ,1 , 0 , 0 , 0 , 0 , 0 , 0 ,
1 . 0 . 0 . 0 . 0 . 0 . 0 . 6 .0 .0 .0 .0 .1  ,0 ,0 ,0 ,0 ,0 ,1  , 0 , 1 , 0 , 0 , 0 ,0 ,0 , 0 ,0 , 3 ,  
0 ,0 , 0 , 0 ,0 , 0 ,0 ,0 ,0 ,0 ,0 ,5 ,0 ,0 ,0 ,0 ,1  ,0 ,0 ,2 ,0 ,1  ,0,1 ,0 ,0 ,0 ,0 ,0 ,0 ,
1 ,1 9 ,3 ,0 ,0 ,2 ,0 ,0 ,1  , 0 ,0 ,0 ,0 , 0 ,0 , 0 ,8,1 , 0 , 0 , 2 ,0 ,0 ,3 , 0 , 1 , 1 ,0 , 
6 ,2 ,0  ,4 ,0 ,0 ,0 ,1  ,3,1 , 2 , 0 , 0 , 0 , 0 , 6 ,2 ,0 ,0 ,1  , 0 ,0 ,0 , 0 , 0 ,0 ,0 ,
2 .0 .0 . 0 .0 .0 . 4 .0 .3 .0 .0 .0 .0 .0 .0 .1  ,0 ,0 ,0 ,0 ,1 4 ,1 8 ,0 ,0 ,0 ,0 ,0 ,2 ,0 ,0
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3 , 2 , 0 ,0 , 1 , 0 ,0 ,4
Physa gyr ina  0 ,0 ,2 ,1  , 0 , 1 , 0 , 1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,4 ,0 ,1  ,1 ,0, 
0 ,0 , 0 , 0 , 0,1 , 0 , 1 8 , 0 , 0 , 0 , 0 , 0 , 0 , , 0 , 0 , 0 , 0 , 2 , 0 , 0 , 3 , 0 , 0 ,0 , 0 , 0 ,
1 5 .0 .0 .38 .0 .0 .1  , 0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 2 5 , 0 , 0 ,0 ,0 ,0 , 0 , 0 ,0 ,1  ,
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,1,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,2 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 , 0,1 , 3 , 2 , 0 , 0 , 4 , 0 , 1 ,0 ,0 , 0 , 1 ,1  , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 0 , 0 , 0 , 0 ,  
0 ,0 ,0,0
Lamps i l is  ra d ia ta  s i  1iquoidea 28 - 1 , 39 - 1 , 65 - 1 ,
131 - 1, 147 - 1, 152 - 2, 160 - 1
Stenonema rees i  1 , 0 , 4 , 4 , 3 , 0 , 2 , 1 , 2 , 0 , 1 , 3 , 1 , 1 ,0 , 2 , 2 , 0 , 0 , 0 ,  
0 ,0 ,2 ,2 ,1 ,3 ,0 ,1 ,0 ,1  , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,  
0 ,0 ,0 ,0 ,01,0 ,0 ,0 ,0 ,6 ,0 ,0 ,0 ,0 ,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 , 5 , 0 ,0 , 0 ,0 ,0 , 0 , 0 , 0 ,0 ,0 ,0 , 1  , 0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,1  ,0 ,0 ,0 ,0 ,0 ,1  , 
0,0,1 , 0 , 0 , 0 , 0 , 3 , 0 , 0 , 0 ,0 , 0 , 0 , 0 , 4 , 0 , 0 , 0 , 0 , 0 , 0 ,3 , 0 , 0 , 1 , 0 , 0 ,
0,1 , 4 8 ,0 ,0 ,1 8 ,3 ,0 ,0 ,0 ,0 ,2 ,4 ,0 ,0 ,3 2 ,1  ,0 ,0 ,0 ,1  ,1 , 0 ,0 ,0 ,0 ,0 ,
2.0.0
Stenelmis sp. b ( a d u l t )  0 , 0 , 0 ,0 , 0 ,1 ,0 , 0 ,0 ,0 , 1 ,1 8 ,0 , 0 , 0 ,0 ,
1 .0 .0 .0 .0 .0 .0 .1 .0 .0 .0 .2 1  , 0 , 0 , 0 , 0 ,0 ,4 ,0 , 0 ,0 , 8 ,1 4 ,0 , 1 ,0 , 0 ,0 ,  
0 , 4 , 0 , 0 ,0 ,3 , 0 , 0 ,0 ,0 ,0 , 2 , 1 ,1 ,0 ,4 , 2 , 2 ,8 ,3 ,1 5 7 ,0 ,0 , 1 2 ,0 , 5 ,0 ,4
3 . 0 . 2 .0 .0 .1 .0 .2 .0 .0 .0 .0 .1  , 6 , 0 , 1 , 0 ,0 , 0 ,0 , 0 ,0 , 2 ,0 ,1 , 0 ,0 ,0 ,4 , 5
2 .0 .0 .0 .0 .0 .2 .1  ,0 ,0 ,0 ,0 ,0 ,1  , 3 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 1 , 0 , 0 , 0 , 1 ,  
0 ,0 ,0 ,0 ,5 ,2 2 ,4 4 ,3 9 ,0 ,0 ,6 ,4 ,3 5 ,0 ,0 , 0 , 0 ,2 ,2 ,0 , 4 , 2 ,0 ,0 ,0 , 0 , 0 ,  
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,
Stenelmis sp a ( a d u l t )  0,0,1 ,0 ,0 ,0 ,0 ,0  , 0 , 0 ,0 ,0 ,0 ,0 ,0 ,0 ,
1 .0 . 0 . 0 .0 . 0 . 0 . 0 . 0 . 0 . 0 . 3 . 0 . 0 . 0 . 0 . 0 .0 . 0 . 0 . 1 . 5 . 5 . 0 . 0 . 0 . 0 . 2 ,  
0 ,0 ,0 , 0 , 0 , 2 , 0 , 0 , 0 ,0 ,0 ,0 ,0 , 0 ,0 ,2 ,0 ,0 ,0 ,0 ,4 ,0 ,1 ,4 ,0 ,1  ,1 ,0 ,
3 . 0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 , 
0 ,0 ,0 ,0 ,0 .0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,4 , 3 , 0,0 ,0 ,0 ,4 , 0 ,0 ,0 ,0 ,0 ,1 ,0 .0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,0
s t rophop te ryx  fa s c ia ta  49 ,0 ,50 ,90 ,48 ,67 ,0 ,16 ,88 ,45 ,105 ,
5 2 .0 .50 .0 .36 .58 .37 .67 .55 .83 .0 .88 .86 .0 .44 .73 .1 .61 .64 .46 ,
4 6 .0 .0 .0 .0 .0 .0 .0 .0 .0 . 0 . 8 .0 .0 . 0 .0 .0 . 1  , 0 , 0 , 2 ,0 , 0 ,0 , 0 ,0 ,0 ,0 ,
3 2 .0 . 0 . 0 . 0 .0 .7 9 .0 .0 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .1 0 5 .0 .0 .0 .0 .0 .0 ,  
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 , 0 , 0 , 0 , 2 7 , 6 8 , 3 5 , 5 3 , 0 , 0 , 0 , 0 , 0 , 0 , 0 . 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 2 , 0 , 0 , 0 ,
4 4 .3 4 .0 .0 .1 .0 .0 .1 4 .2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
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u , u , u , u , u , u , u , u , u , u , u , u , u , u , j , l  , I ,U,U,U,U,U,U,0 ,0 ,0 ,0 ,0  
0,1 , 1 , 0 , 0 , 3 , 3 , 1 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 6 , 0 , 0 , 0 , 0 , 0 ,0  ,0 ,0 ,0 ,0 ,1  ,0
P is id ium compressum 17 -1 , 27 - 2, 28 - 3, 39 - 1 , 65 - 1 , 
71 -1 ,  83 - 1, 110 - 1, 143 - 2, 151 - 1, 152 - 1
Isogenoides f r o n t a l i s  0 ,0 ,0 ,0 ,0 , 0 ,1 5 ,0 ,0 ,0 , 0 , 0 ,1 ,0 ,0 ,0 ,
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,6 ,0,1 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,1 ,0 ,0 ,0 ,0 ,3 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,
0 , 4 , 0 ,0 , 5 , 5 , 2 , 1 , 1 , 3 , 7 , 2 , 7 , 0 ,0 , 1  ,0 ,0 , 1 , 2 , 2 ,1 ,1 ,0 ,1 ,1 ,9 ,0 ,
6 .0 . 1 . 4 . 5 . 0 . 0 . 0 . 0 . 0 . 3 . 2 . 3 . 6 . 0 . 0 . 0 . 0 . 0 .0 . 0 .0 . 2 . 0 .0 . 0 .0 . 0 .0 ,
4 . 1 .1 .1 .0 . 0 . 4 .0 .0 .0 . 0 . 0 .0 .0 .0 . 0 . 0 .1 .0 . 0 . 0 . 1 .7 , , 4 ,2 , 4 , 0 ,0 , 1 ,0 , 5 ,0
Catac lys ta  sp. 12 - 2, 19 - 1, 60 - 1, 78 - 1, 79 - 1,
80 - 3, 86 -  1, 96 - 1, 102 - 4, 115 - 1, 137 - 2, 139 -1 ,  
1 5 5 - 1
Acroneuria abnormis 2 , 0 , 6 ,3 ,5 , 5 ,0 , 2 , 0 , 2 ,3 ,9 , 2 ,0 ,0 ,3 , 1 ,4 , 5 ,  
0 ,4,1 , 3 , 3 , 0 , 6 ,6 ,0 ,  1 , 6 ,0 ,2 ,2 ,0 ,0 ,0 ,3 ,1 0 ,0 , 0 , 4 ,0 ,0 ,1 ,0 , 0 ,2 ,
0 ,2 ,0 ,0 ,0 ,0 ,0 ,1  ,2,1 ,1 ,6,0,1 ,0 ,4 ,0 ,2 ,0 ,1  ,0,1,1 ,5 ,1 ,0 ,0 ,0 ,0 ,
0,1 , 1 0 , 0 ,0 , 0 , 0 , 0 , 2 , 0 , 0 , 0 , 0 , 3 , 0 , 2 , 1 , 0 , 0 , 2 , 0 , 0 , 0 , 2 , 0 , 0 , 0 , 1 ,
1 . 0 . 0 . 0 . 0 . 2 . 0 . 0 . 1 . 0 . 0 . 0 . 0 . 0 .4 . 2 . 5 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .0 . 0 . 0 . 0 ,
0 ,0 ,0 ,0 ,0,1 ,0 ,0 ,0 ,0 ,1 ,0 ,0 ,0 ,0 ,0 , 1,0 ,0 ,0 ,2,0 ,0 ,0 ,0 ,0 ,0 ,0 , 1 ,0,0
Choroterpes a lb ia n nu la ta  0 ,0 , 0 ,0 ,0 ,0 , 0 ,0 , 0 ,0 , 0 ,0 ,2 , 0 ,0 ,0 ,
0 , 0 , 0 ,0 , 0 ,2 ,0 , 0 ,1 , 0 ,0 , 2 ,0 ,0 ,0 , 5 ,2 ,1  ,2 ,0 ,12 ,1 1 ,1 ,21 ,7 ,0 ,3 5 ,
1 ,1 6 ,7 ,4 ,0 ,1  ,0 ,0 ,12,1  ,1 ,30,15,15,15,0,56,11 ,4 ,9 ,0 ,0 ,3 7 ,3 4 ,
0 , 3 , 8 ,9,1 ,1 9 ,2 ,0 ,0 ,2 ,3 ,3 ,1  ,0 ,0 ,2 ,0 ,1 0 ,0 ,3 3 ,0 ,0 ,1  ,0 ,0 ,2 ,0 ,
8,1 , 1 ,0 ,0 ,3 ,5 ,1 ,4 ,1  ,0 ,0 ,3 ,0 ,9 ,3 ,1  ,0 ,0 ,0 ,0 ,0 ,2 ,0 ,1  ,0,1 ,0 ,0 ,
5 . 0 .0 .1 .1 . 3 . 0 .0 .0 .0 . 1 , , 0 , 0 , 0 , 0 ,0 ,0 ,0 , 0 ,0 , 0 ,0 ,0 , 2 ,9 , 1 ,0 ,0 , 3 ,
0 ,0 ,7 ,0 ,3 ,1  ,0
Metriocnemus sp. 2 , 0 , 0 ,0 , 4 ,1 ,0 , 0 , 0 , 0 ,3 ,1 5 ,0 , 8 , 0 , 1 ,3 ,0 , 2 ,2 ,
3 . 0 . 1 1 .1 2 .0 . 4 .2 .6 .0 . 1 .0 .0 . 0 .0 . 0 .0 . 0 .3 .0 .0 . 0 .0 .1 . 0 .0 . 0 .0 . 0 ,
2 .0 . 0 . . 3 . 0 . 0 . 0 .1 .0 . 0 . 1 0 . 0 . 0 .3 . 0 . 1 6 . 4 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 ,
0 ,4 ,0 ,0 ,2 ,0 ,1 ,0 ,0 ,0 .0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,1 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,1,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 .0 ,2,1 ,0 ,2 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,3 , 0 ,2 ,0 ,0 ,0 ,0 ,0,0 .0 ,0 ,0 ,
0 ,0,0
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F e r r i s ia  r i v u l a r i s  28 - 10, 39 - 1 , 52 - 1 , 65 - 1 ,
136 - 1 , 137 - 3, 138 - 5, 141 - 3, 143 - 2, 151 - 1
Dubiraphia sp. 18 - 1 ,34- 3, 39 - 1 , 46 - 1 , 57 - 1 ,
62 - 1 , 65 - 4, 67 - 1 , 74 - 2, 77 - 1 , 110 -  2, 116 - 1 ,
125 - 1 , 130 - 2, 136 - 1 , 137 - 2,
138 - 3, 140 - 2, 1 4 3 - 4
T ra v e re l la  a lbe r tana  0 , 0 , 0 ,0 , 0 , 0 , 2 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 0 , 0 ,  
0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 0 , 0 , 3 7 , 2 , 1 , 0 , 0 , 0 , 0 , 0 , 1 , 0 ,
1 .0 . 0 .1 .0 .0 . 0 .0 . 0 . 0 .0 .0 . 0 .0 .9 .2 . 0 .1  , 0 ,0 , 5 , 6 ,2 ,2 ,4 , 2 ,1 , 0 ,
1 . 0 . 0 . 0 . 0 . 0 . 1 . 0 . 0 . 0 . 1 . 2 . 0 . 2 . 1 . 0 . 0 .0 . 2 . 0 . 1. 1 .0 .0 . 1 . 0 . 0 ,
3 . 5 . 0 .0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1  ,73, 
0 , 0 , 3 ,0 ,0 , 0 ,0 , 0 , 2 4 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 0 , 0 , 0 , 1 , 1 , 3 , 0 , 0 , 0 ,
4 .0 .2 .0
S i mu1i um
0 ,0 ,0 ,2 ,0 ,0 ,0 ,0 ,0 ,2,0
Brachycentrus americanus 0 , 0 , 2 , 0 ,0 ,0 , 0 , 0 ,0 ,0 ,0 , 0 , 2 ,0 ,0 ,0 ,
1,0 ,1 ,1,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,1  ,0 ,0 ,0 ,0 ,1  , 0 ,3 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,3 ,0 ,1  ,0, 
0 ,0 ,2 ,0 ,0 ,1,0 ,0 ,0,1 ,1 ,0 ,0 ,2,0 ,0 ,0 ,0 ,0 ,0 ,0 ,1,1 ,0 ,0 ,0 ,0 ,1,
2 , 0 , 0 , 0 , 5 , 1 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 1 , 6 ,0 ,0 ,0 ,0 ,0 ,1  ,0,0,1 ,1 , 
0 ,0,0
Chironomidae 1-2,  6 -3 ,  9 -1 ,  14 - 3, 17-1, 19-2, 20-2, 
27-1, 46-5, 47-2, 57 -1 ,  61-2, 63-1,  64-1,69-2,  70-1,
74-1, 75 -1,  79-1, 85-1, 88-1, 95-1,  97-1, 101-2, 103-1 
108-1, 110-3, 116-3, 118-3, 119-2, 123-8, 124-1, 128-2, 
130-1, 134-2, 135-1, 151-1, 161-2, 162-1
Limnophi1idae 52-1, 64-1, 108-1, 138-4, 151-1
Lymnea sp. 28-3, 54-1, 65-1, 138-1, 140-1
Rhagovelia sp. 91-5, 115-2, 130-1
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Heptagenia s o l i t a r i a  39-1, 41-1, 44- 1 , 47- 1 , 54- 1 , 83-1, 
91-1 , 113-2, 115-1, 140-1
Ephoron album 0 , 0 , 0 ,0 , 0 0 , 0 , 0 , 0 ,0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,
2 7 .0 .0 .0 .0 .0 .0 .0 .0 .0 .1 1 .1 4 .5 .6 .1 , ,1 3 ,2 1  , 0,1 ,18,0,1,11 , 10,
33 .0 .14 .13 .0 .1 , ,6 ,76 ,0 ,7 ,12 ,12 ,0 ,11  ,9 ,7 ,24 ,0 ,0 ,27 ,11  , 0 ,8 ,
1 1 . 9 . 1 5 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 2 .0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 3 . 0 . 0 .0 . 0 . 0 . 0 ,  
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,1 ,0 ,0 ,0 ,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,3 6 ,0 ,0
Baet is  sp b 37-1, 54-1, 61-1 63-2, 83-1,  97-2, 101-1,
106-2
Para leuc tra  sara 8 , 0 , 9 , 6 ,3 , 5 , 0 , 0 , 3 , 3 , 0 , 2 0 , 0 , 6 , 0 , 1 , 3 , 6 ,0 ,0 ,
4 . 0 . 5 .8 . 0 . 4 . 1 0 . 0 .7 . 4 . 0 . 3 . 7 . 0 . 0 . 0 . 0 . 0 . 0 .0 . 0 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 ,  
0 ,0 ,0 ,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,11,0 ,0 ,0 ,0 ,0 ,0 ,7 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 , 0 , 2 3 , 0 , 0 , 0 , 0 , 0 ,0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,  
0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 9 , 7 , 6 ,0 , 0 ,0 ,0 , 0 , 0 , 0 , 0 ,0 , 0 , 0 , 0 , 0 ,  
0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 8 , 4 , 0 , 0 , 0 , 0 , 0 , 5 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0,0 .
Ephemerella margar i ta  1 , 0 , 1 , 3 , 6 , 2 , 0 , 0 ,3 ,1 , 3 ,3 , 3 ,3 , 0 ,2 , 3 ,
1,1 ,4 ,5 ,0 ,3 ,0 ,0 ,1  ,2 ,1 ,0 ,1  , 0 , 0 , 0 , 0 ,0 , 4 ,0 , 8 ,1 , 1 5 , 0 ,0 , 0 ,1 , 0 ,  
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,6 ,0 ,
0 ,0 , 0 ,0 , 0 ,7 ,0 ,0 , 0 , 0 , 0 ,1  , 0 , 0 , 0 , 0 ,0 , 1 3 , 0 ,0 ,0 , 0 ,0 ,0 , 0 ,0 ,0 ,0 ,  
0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,0 , 2 , 1  ,9,
6 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 4 . 0 . 0 . 0 . 0 . 0 . 0 . 1 . 0 . 0 . 0 . 0 ,
0 , 3 , 3 ,0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0
Capnia l im a ta  8 , 0 , 2 ,0 , 1 , 0 , 0 , 2 , 1 , 2 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 ,  
0 .0 ,0 ,0 ,1 ,0 ,0,1 ,2 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,0 ,0 ,0 ,0 ,0 , 
0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 .0 ,0 ,0 ,0 ,00 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,
2 .0 .0 .0 .0 .0 .0 .2 . 2 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ,
0 , 0 , 0 , 3 , 1 , 0 , 0 ,0 ,0 , 0 , 4 , 0 ,0 , 0 , 0 ,0 ,0 , 0 , 0 ,0 ,0 ,0 , 0 , 0 ,0 ,0 , 0
A th e r ix  sp. 3-1, 6 -1 ,  31-1, 80-3, 144-2
Gyraulus sp. 3 -1 ,  16-1, 39-1, 44-1
Hetaerina americana 20-1
Gammarus sp 10-1
Daphnia sp. 4-3
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Graptovor ixa sp. 39-1, 40-1 ,  63-1, 74-5 
Lachlania powe l l i  12-2, 83-5,  140-1 
Brachycentrus numerosus 1 3 8 - 5  
Laccobius sp. 12-6, 138-1 
Para lep toph leb ia  d e b i l i s  13-1, 60-4, 138-2 
Isogenus modestus 7-2 
Leptophlebia  sp. 60-2
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APPENDIX 
TABLE F
R e la t ive  Abundances 
A f t e r  Massive Flow Reduction
Numbers in  parenthesis  represent the average number o f  
in d iv id u a ls  in  a 0.1 m2 sample.
R e la t ive  abundances are in  percentages o f  t o t a l  number 
o f  i n d iv id u a ls  in  the sample.
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I I  I I I  IV V VI V I I
Choroterpes
a lb ia nn u la ta  .3
Baet is
t r icauda tus  6.5 12.2 3.5 5.1 7.1
Baet is
a lexander i  3.0
Tr ico ry thodes
minutus 1.1 .5 5.0 .3
Rhithrogena
hageni .3 18.8 22.4 12.6 2.8
Ephemerella
margar i ta  19.8 10.6 7.9 6.8 12.9 39.9 66.8
Stenonema reesi  1.0 2.9 3.5 2.4 2.0
ODONATA
Ophiogomphus
morr ison i  .3 1.2
Arg ia
v iv id a  .2 1.2 1.0
PLECOPTERA 
Strophopteryx
fa s c ia ta  6.3 4.3 23.0 8.6 11.8 8.2 4.5
Para leuc tra
sara 1.5 1.7 8.2 4.6 .9
Capnia
1imata 1.2
Isogenoides
f r o n t a l i s  18.0 16.5 8.6 .6
Acroneuri  a
abnormis 1.0 .9 1.2 1.1 .9
LEPIDOPTERA
Catac lys ta  sp. .9
TRICHOPTERA
H ydro p t i la  sp.
Cheumatopsyche sp.
Hydropsyche 
b i f i d a  
Hydropsyche 
occ iden ta l  is
.6
.3
1.9 10.9 5.1 8.2 8.0
.3
5.4
.2 .5 4.5 1.2 1.2 1.1
10.8 6.7 1 .0 12.0 1.2 1.1 1.1
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I I I I I I IV V VI V I I
Hydropsyche
sp. a 8.9 3.2 3.5 6.0 1.2 .3
Hydropsyche
sp. b .2 .3 .7
Hydropsyche
sp. c .2 1 .2 .3
Brachycentrus
americanus 4.3 4.7 2.5 .3
Athr ipsodes
sp. .2 1 .0 1.5
Lep toce l la  sp. .6 1.9
COLEOPTERA
Stenelmi’ s
sp. a ( 1) .6 .5 2.5 4.3
Stenelmi s
sp. b ( 1) 11.6 7.5 2.7 2.6
Stenelmis sp. b
(a d u l t ) 1.0 7.5 14.9 4.3
Dubiraphia sp. .3
DIPTERA
Simulium sp. 5.2 .9 1.3
Metriocnemus sp. 2.5 1.2 6.4 11.6
A th e r ix  sp. .3
MOLLUSCA
Physa
gyr ina .2
Pis id ium
compressum .4
Lampsi1 is
ra d ia ta
s i  1iquoidea .5
TURBELLARIA
Dugesia
t i g r i n a 29.9 38.0 .9
DENSITY (526) (376) (404) (117) (85) (148)(355)
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